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Eurofighter engineer is 
1995 Young Woman 
Engineer of the Year 


A twenty-nine year-old senior 
avionics systems engineer with 
British Aerospace, Pamela Wil- 
son, was chosen as the Young 
Woman Engineer of the Year at 
а ceremony held in London іп 
January. 

Pamela, who already геди- 
larly visits schools and colleges 
to explain her interesting job, 
told Elektor Electronics at the 
award presentation: "I went 
into electronics because | was 
interested іп һом things 
worked." 

A graduate member of the 
IEEIE, Pamela was runner-up 
for the 1992 Young Woman En- 
gineer of the Year Award and 
this lime she was voted by the 
judging panel top of the six fi- 
nalists and was presented the 
coveled award for 1995, a 
cheque for £ 750 and a silver 
rose bowl 

Pamela joined the Military 
Aircraft Division of British Aero- 
space Delence at Wharton 
Aerodrome, Preston. Her two- 
year graduate training involved 
placement in equipment engi- 
neering, research and develop- 
ment and system design. As a 
result of her final training place- 
ment, she stayed with the Eu- 
rofighter 2000 cockpit group 
where she was promoted to 
Avionics Systems Engineer. 
Her work is primarily defining 
the man-machine interface re- 
quirements for the sensors 
control within the EF2000 соск- 
pit 

Pamela is the eighteenth re- 
cipient of the Award, which is 
jointly sponsored by the Institu- 
tion of Electronics and Electri- 
cal Incorporated Engineers 
(ЕЕЕ) and the Caroline 
Haslett Memorial Trust (CHMT) 
The aim of the Award is to 
highlight electronic and electri- 
cal engineering as a rewarding 
and worthwhile career for 
women, Previous winners and 
contenders for the Award have 
more than proved that women 
make extremely competent 
electronic and electrical engi- 
neers at Incorporated Engineer 
level — a career once almost 
exclusively male-dominated 

Prior to the winner being 
announced, a video of all six 
award finalists at work was 
shown to representatives from 
industry, commerce, academia 


and media who attended the 


ceremony whose organizers 
still see a crying need for the 
event in years to come. 

Runner-up for the 1995 
Award and winner of the WISE 
prize was Audra Gittens, a 28- 
year-old test engineer with 
Robinson Instruments, Run- 
corn, Cheshire. Audra, a gradu- 
ate member of the IEEIE, was 
presented with a cheque for 
£ 500. 

Third-prize winner, Rose- 
marie Haycroft, received a 
cheque for Е 250. Rosemarie, 
27, is a switch maintenance en- 





gineer with Cellnet Mobile 
Communications and is based 
at the Manchester Switch Cen- 
tre in Salford 

Twenty-two-year-old Yvonne. 
Morris, an electrical engineer 
P4 Grade with British Aero- 
space (Dynamics) Defence in 
Stevenage received the Mary 
George Memorial Prize—an ad- 
ditional award given to a young 
entrant showing particular 
promise as an Incorporated 
Engineer. Yvonne received a 
cheque for £ 250 and a silver 
salver. 


Electronics - a key 
British industry 


Britain's electronics business is 
today the fourth largest in the 
world after the USA, Japan and 
Germany, and by the year 2000 
electronics will be the world's 
largest industry accounting for 
some ten per cent of mankind's 
GDP. The alliance of telecom- 
munications, information tech- 
nology, new digital electronics 
techniques, and multimedia 
communications networks al- 
lows a wide range of previously 
disparate industries to con- 
verge. The affiliation of of con- 
sumer electronics, cable TV 
and broadcasting, media 
groups, Information services, 
publishing, software, banking, 
and retailing among others has 
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been the result 

At the same time, the 
rapidly growing use of elec- 
tronics in Britain and elsewhere 
gives the industry the status of 
a key industrial sector. Addi- 
tionally, , electronics is an es- 
sential enabling technology 
that drives competitiveness, 
and even wealth creation, in the 
rest of UK industry, too. Be- 
tween 1985 and 1990, the UK's 
share of electronics exports by 
the (G7) major industrialized 
countries increased from nine 
per cent to 11 per cent, the 
largest recorded rise. 

Electronics has become a 
significant force and, with elec- 
trical engineering, is now the 


9% 


second largest industry іп the 
UK. The industry's sales are 
worth € 30 billion, and yearly 
investment runs at some 
£ 1 billion, alongside R&D's 
£ 2 bilion. The workforce 
amounts to some 330,000. 

As each year passes, elec- 
tronics assumes more promi- 
nence in UK manufacturing. 
Value added increased by 
eight per cent yearly in the 
1980s, and the industry in- 
creased its share of manufac- 
turing output from five per cent 
in 1981 to seven per cent in 
1990. Electronics in the UK 
is becoming less concentrated. 
Large enterprises employing 
more than 1000 now represent 
55% of the sector from around 
70% in 1980. Nearly 50% ol 
electronics employment lies in 
the southeast, although Scot- 
land and the West Midlands 
generate the highest value 
added per employee. 


Capital equipment 

Britain is particularly strong in 
telecommunications, data pro- 
cessing and software, along- 
Side the provision of capital 
equipment for civil and defence 
purposes. Heavy investment in 
R&D demonstrates the indus- 
try's commitment to innovation 
with funding averaging six per 
cent of turnover. 

Electronics’ international 
nature is behind the UK's 
steady trend towards the devel- 
opment of international stan- 
dards, which in turn creates the 
opportunities for the UK indus- 
Шу 10 exploit new markets. 
Hardware and software manu- 
facturers are also meeting іп- 
creasingly stringent security 
standards. 

The UK industry knows its 
economic future depends upon 
its continuously improving its 
position in the global market- 
place. The Federation of Elec- 
tronics Industry (ЕЕ!) герге. 
sents the industry where mem- 
ber companies are developing 
their response to the challenge 
and are pursuing policies to 
maintain their position among 
the world's electronics front- 
runners. FEI, formed in January 
1994 from the sector's two pre- 
vious trade associations, brings 
UK-based telecommunications, 
information technology, com- 
puter services, defence elec- 
tronics and office products, as 
well as electronic components 
under the same banner. 
Federation of Electronics In- 
dustry, Russell Square House, 
10-12 Russell Square, London, 
United Kingdom WC1B 5ЕЕ 
Phone +44 171 331 2000. Fax 
+44 171 331 2040. 


Differential GPS 


for land use with RDS 


By M. Ohsmann 


The Global Positioning System, 
GPS, originally developed by the 
American Defence Department 
asa world-wide satellite-supported 
pin-point navigation system, is 
now widely used for civilian pur- 
poses. Receivers for civil pur- 
poses have been available and 
inusesincethe mid 1980s. These 
receivers are useful for a variety 
of purposes, for example, yacht- 
ing, in-shore fishing,, fleet man- 
agement of road transport, and 
surveying. 

The system is based оп а 
GPS station receiving the signals 
from several satellites, Assuming 
that the exact time (UTC—uni- 
versal time co-ordinated) is known, 
the time of receipt of the various 
signals enables the distance to 
the different satellites to be сот- 
puted (the satellite transmits UTC 
also). Since the positions of the 
satellites are contained in the 
transmitted signal, the position of 
the receiver can be established 
fairly accurately if signals from 
at least three satellites were re- 
ceived, The exact time can be cal- 
culated at the receiving station 
if the signal of a fourth satellite 
is also available. The position of 
the satellites is transmitted by the 
satellite. The position accuracy 
is less than a metre. More than 
20 satellites ensure that at least 
six satellites can be received at 
any point on earth—see Fig.. 1. 


Degraded accuracy 
Although the accuracy mentioned 
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Fig. 1. The GPS is based оп 21 NAVSTAR GPS satellites that 
circle the earth once every 12 hours at an altitude of roughly 
20000 km (12.000 miles). Their near-circular orbits are 
inclined to the terrestrial equator at 63°. 


earlier is available to the military 
and special services user, itis not 
to the civilian user. This is called 
the standard positioning service 
with selective availability. It means 
thatthe civilian user cannot reckon 
anaccuracy of better than 30-100 
metres, This degradation arises 
from the fact that the satellite 
signals do not tell the civilian 
userits exact position, but a slightly 
different one. This causes a po- 
sition error at the GPS receiver. 
Moreover, the generated error 
slowly changes. 


Improved accuracy 

The artificial degradation of the 
accuracy is counteredas follows, 
AGPS receiver inan exactly known 
position serves as a reference . 
This reference receiver can de- 
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Fig. 2. The structure of a DGPS for pin-point navigation. 
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termine with a fair degree of ac- 
curacy which satellite ‘lies’ to 
what extent. Ifitthen makes these 
data known to other GPS receivers, 
these can improve the accuracy 
of their own estimated position 
greatly, since they know to what 
‘extent their position was degraded, 
This system of operation is known 
as Differential Global Positioning 
System—DGPs*. The data com- 
puted at the reference station 
are called the DGPS correction 
data. These have to be commu- 
nicated to the GPS station by radio. 
A typical setup of this is shown 
in Fig. 2. There are various ways 
of doing this and these are de- 
scribed below. 


Local auxiliary 
transmitter 

If the area in which the GPS ac- 
curacy is to be improved has 
narrow limits, such as an airfield 
or the lands of a farmer, a small, 
low-power local data transmit- 
ter can be used. Such a setup 
might cost a couple of thousand 
pounds, which makes it afford- 
able only for professional appli- 
cations. A number of airports are 
evaluating such system for future 
GPS supported blind landing 
procedures. The accuracy of0GPS 
in association with local auxil- 
lary transmitters may be better 
than one metre. 


Shortwave broadcasts 
with RDS 

During the pastten years, the RDS 
system has come into wide use 
forthe transmission of additional 
digital information on the broad- 
cast signal. This system may also 
be used to transmit DGPS data 
(see "РІС RDS decoder’ in this 


issue). Several European sta- 
tion do so already. Atypical arrange- 
mentis shown in Fig. 3. Figure. 2 
shows thatthe position computed 
by a standard GPS station over 
aperiod of24 hours drift by +30 me- 
tres from the true position. With 
а DGPS station, the drift is lim- 
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International confer- 
ence on Public Trans- 
port Electronic Systems 

Electronics, computing and 
communications systems are 
being employed in ever 
greater degrees of sophistica- 
tion. This international confer- 
ence to be held at the Institu- 
tion of Electrical Engineers in 
London on 21-22 May ad- 
dresses the application of 
these system in all areas of 
passenger transport, either as 
on-board units or as part of the 
fixed transport infrastructure. 


Embedded C51 Starter 

Systems from Equinox 
Equinox Technologies has 
launched a range of Embed- 
ded C51 Starter Systems for 
the 8051 microcontroller fam- 
ily, These systems allow the 
user to develop embedded 
8051 applications in C, using 
an integrated programmer/edi- 
tor/compiler/source level de- 
bugger environment. 
See page 


Teletest 16 Emulator 
from Hitex 

While much attention has been 
focused on the arrival of em- 
bedded versions of the 386 
processor, chip manufacturers 
Intel, AMD and NEC continue 
to enhance the 16-bit mem- 
bers of the x86 family by 
adding embeddable-friendly 
features to the popular 
186/188 and V-series proces- 
sors, thus ensuring their con- 
tinued use in contro! appli- 
cations. 
To support these devices, 
Hitex has introduced a range 
of emulation pods and cables 
for the popular T16 in-circuit 
emulator, offering existing 
users with an upgrade path in 
their designs. 
See page 


Microelectronics 

in Business 
Under a new Euro-Practice Ini- 
tiative, five MIB Support Cen- 
tres have been appointed as 
Technology Transfer Nodes 
(TTNs). They are sited at the 
Universities of Paisley, Glamor- 
gan, Hertfordshire and 
Bournemouth, and at the 
Bolton Institute. The nodes will 
provide a UK delivery mecha- 
nism to companies seeking 
support under the Euro-Prac- 
tice ‘First User Action’ scheme 
(FUSE), designed to comple- 
ment existing DTI programmes 
such as 'Microelectronics in 
Business 
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Fig. 3. Plotting a position with the GPS gives 
an accuracy ot about 40 m. 


ited to +4 metres. This means 
that a DGPS station can determine 
the true position fairly accurately. 
This system can be used with rea- 
sonably priced receivers (DIY?); 
it does not need many transmit- 


ters to effectively cover a given 
area. 


Long-wave broadcast 
via AMDS 
Asystem—AMDS— has been de- 
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Fig. 4. Plotting a position with DGPS via RDS gives 
ап accuracy of about 4 m. 


Physics World - 


High Technology in action 


Thousands of scientists from 
the Uk and overseas will be in 
Telford in April for the annual 
Physics World Exhibition, the 
most important UK event for 
physics related technologies. 
Run in conjunction with the 
Institute of Physics Annual 
Congress, the exhibition 
(Telford International Centre, 
23-25 April, 1996) enables sci- 
entists to evaluate, compare 
and place orders for the prod- 
ucts and allied services dis- 
played and demonstrated by 
over a hundred leading scien- 
tific suppliers. Exhibitors will 
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show a wide range of high 
lechnology solutions, relating 
particularly to vacuum and 
semiconductor processing, nu- 
clear technology, environmen- 
tal physics, spectometry, mi- 
croscopy, optics and lasers. 
The Institute of Physics Ап- 
nual Congress, alongside 
which the exhibition runs, aims 
1o increase recognition of the 
importance and relevance of 
physics in all aspects of our 
daily, personal and profes- 
sional lives and as such is of in- 
terest not only to physicists, 
but scientists and engineers in 


“ы 


veloped for long-wave broad- 
casts on to which digital data 
(200 bit/s) inaudibly are super- 
imposed. Its structure is similar 
to RDS and may also be used for 
the distribution of DGPS correc- 
tion data. A number of European 
stations transmit these broad- 
casts on an experimental basis. 
Since the distances spanned by 
long-wave signals are very large, 
such stations can serve a very 
substantial area, The distance be- 
tween the reference station and 
the local receiver may Бе as much 
аз 1000 km (600 miles), but this 
may limit the achievable im- 
provement in accuracy. In other 
words, the correction data lose 
some of their usefulness over 
long distances 


Long-wave services 
Apart from long-wave broadcasting 
stations, there are private orga- 
nizations that distribute DGPS over 
long-wave radio networks. In 
Europe, the German and Dutch 
Telecommunications Authorities 
are using the system at a num- 
ber of sites and are evaluating 
its use at other locations. 


In conclusion, it may be said that 
the DGPS, already in use for some 
time in the Uk and USA, is now 
beginning to find widespread 
use in mainland Europe in anum- 
ber of areas as well. 


* Editor's note. This system has 
been in maritime use since the 
late 19805. 


а wide variety of sectors and 
disciplines. The programme of 
scientific conferences will cover 
topics as wide-ranging as re- 
cent developments in silicon 
sensors, the physics of musical 
instruments and the latest 
physics R&D. 

Full information on all as- 
pects of Physics World Exhibi- 
tion is available from The Insti- 
tute of Physics, 47 Belgrave 
Square, London SW1X BOX. 
Telephone +44 171 235 6111, 
Fax +44 171 259 6002. 
e-mail IOP@ULCG.AC.UK. 








In passing ... 


We have reached the stage 
where it is difficult to think 
of something that can work 
without electronics. Even a 
simple and straightforward 
machine like a bicycle has 
not been able to stem the 
tide 

Many people on city 
bikes, mountain bikes and 
standard bikes pedal 
around without paying the 
slightest attention to the 
environment, but looking 
intently at a little box of 
electronics fitted to the 
handlebars. This bicycle 
computer faithfully regis- 
ters distance travelled, 
time, speed, pedalling rate, 
and, if so desired, your 
heartbeat. A true example 
of modern technical inge- 
nuity! 

| used to have опе on 
my bike—used to, but not 
any more; | could not 
stand it. The problem with 
these cipher machines is 
that they are ruthless. 

You are cycling along 
happily and see that you 
have done so many miles 
already; this pleases you 
Press the button and you 
see the time elapsed since 
you started. Fine! Press 
the button once again and 
you see what your speed 
is: pedal a bit harder and 
the speed goes up to 
18 MPH. But then: trou- 
ble—you press the button 
once more and see to your 
horror that your average 
speed is only 14.5 MPH 
How is that possible, when 
you have been pedalling 
much faster than that? 

Gone is the exhilara- 
lion. The remainder of your 
trip is spent in looking in 
frustration at the display to 
make sure that your aver- 
age speed goes up. And 
во you come home ex- 
hausted—at an average 
speed of 15 MPH! 

When my unequal 
struggle with the computer 
had reached the stage 
where my well-being and 
appetite began to suffer, 
my wife took me aside and 
spoke to me firmly. The 
outcome of it was that | re- 
moved the computer from 
my bike and now cycle 
about again happily un- 
aware of things like aver- 
age speed and distance 
covered. 

What's more, | feel bet- 
ter and my appetite is 
back! 
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UK telecoms pointing 
the way to the future 


The liberalization of the tele- 
communications in the UK 
has been a spur to both tech- 
nical and commercial devel- 
opments. Furthermore, the 
country is moving from a 
duopoly to an environment 
where are many operators. 

However, while virtually 
everyone in Britain has bene- 
fited from reduced charges 
and the rapid introduction of 
advanced services, the most 
visible changes have oc- 
curred in mobile communica- 
lions. One of the results has 
been that the battle, originally 
for the phone on the desk or 
in the home, is equally for the 
phone-in-the-hand. In fact, 
fixed and mobile are con- 
verging with the result that, 
ultimately, users may have 
the universal personal phone. 

With six networks from 
four rival operators, competi- 
tion in mobile communica- 
tions in the UK is exceedingly 
strong. The two cellular oper- 
ators, Vodafone and Cellnet, 
which both launched their 
analogue networks in 1985, 
now also offer GSM—the 
pan-European digital service. 
Іп addition, there are two 
PCN networks. 

Even before the PCN net- 
works were launched, the 
cellular operators introduced 
low-user tariffs where, in re- 
turn for lower monthly 
rentals, users paid a higher 
charge per minute usage. 
This, coupled with the fact 
that subsidized handsets 
could be bought for less than 
£5, opened the market to the 
consumer in addition to the 
business user, While the low 
initial charge is attractive, the 
operators are faced with a 
high level of ‘churn’ as cus- 
tomers cancel their contracts 
as soon as possible once 
they realize the true level of 
ongoing costs. Hence, it is 
important for operators to in- 
crease the number of new 
customers signing on while, 
at the same time, containing 
the number of cancellations. 


Attractive proposition 

With the cellular networks al- 
ready covering 98% of the 
population, the emergent 
PCNs needed and attractive 
sales proposition—especially 
in view of the fact that their 
handsets were not being 
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heavily subsidized and thus 
cost a minimum of € 150—to 
counter their lack of geo- 
graphic coverage. When 
опе-2-опе launched its ser- 
vice in the Greater London 
area (roughly 20% of the UK 
population), it targeted the 
consumer market by offering 
free evenings and weekend 
local calls. At the launch, 
Lord Young, chairman of 
Mercury' s parent company 
Cable & Wireless, stated that 
the service was not intended 
to compete with the existing 
mobile networks, but with the 
fixed telephone network. This 
is obviously an ambitious 
goal 

However, while one-2-one 
concentrated its efforts in the 
London area, Hutchison Tele- 
com's Orange is aiming to 
develop a national network 
as rapidly as possible ad al- 
ready claims to be available 
to 70% of the population. 

Thus, it can be seen that 
there are already real choices 
for UK users. 

Furthermore, as 
one-2-one offers free evening 
and weekend local calls to 
customers of its residential 
(as distinct from business) 
lariff, the effect is that these 
users tend to identify their 
опе-2-опе phone as meeting 
all their communications 
needs—both at home and on 
the move. This position is 
strengthened by its using the 
Short Message Service as a 
means of indicating that a 
voice message is waiting 
Voice messaging can be 
seen as providing the user 
with a built-in answering ma- 
chine. 


Business tool 

On the other hand, Orange's 
strategy is to make its service 
a more complete business 
tool. Its SMS can be used to 
send text messages between 
phones—just like a message 
pager, but with a confirmation 
that the message has been 
received, However, one ser- 
Vice that it has had on trial for 
some months is a form of 
cordless PABX, whereby Or- 
ange phones can be inte- 
grated within an organiza- 
lion's telephone system. This 
can be seen as the ultimate 
form of cordless PABX in that 
‘extensions’ can be anywhere 


within the Orange service 
area. This is getting close to 
the ideal universal mobile 
phone. 

While mobile communica- 
tions has enjoyed a high pro- 
file, there have also been 
major changes in the UK's 
fixed network stemming from 
the 1991 Duopoly Review, 
This opened the door for new 
Operators to provide fixed 
link services. The most im- 
portant new entrant is Ener- 
gis, owned by a consortium 
of the country's electricity 
distribution companies. It has 
the benefit of being able to 
employ the National Grid 
power network to carry the fi- 
bres of its 2.54 Gbit s7 Syn- 
chronous Diaital Hierarchy. 
(SDH) backbone optical fi- 
bres, thus reducing both the 
cost and time in network de- 
ployment. In Fact, Gordon 
Owen, Energis's chairman, 
claims that this results in 
costs being only about a 
quarter of those incurred by 
Mercury when it rolled out its 
network. 

Energis is offering an indi- 
rect service, where residen- 
tial and business customers 
gain access via their existing 
BT lines. In addition, it works 
in conjunction with regional 
operators. While Mercury, En- 
ergis and other new opera- 
lors offer competitive prices, 
iheir margins are currently 
being eroded. This is be- 
cause, while there is low in- 
flation, BT is reducing its own 
prices to remain within the 
overall price formula set by 
the Office of Telecommuni- 
cations (Oftel) of RPI (Retail 
Price Index)—7.5% for the 
basket of BT's main prices, 

But this is not all. Within 
the European Union, tele- 
communications services 
and infrastructure are set to 
be fully liberalized by 1 Janu- 
ary 1998. BT and the German 
industrial group VIAG have 
announced that they have 
formed a strategic alliance to 
take advantage of the new 
regime. Moreover, AT&T has 
been granted a telecommuni- 
cations licence in the UK. 
Thus, as the world of tele- 
commnications gets smaller, 
the importance of the UK 
gets greater. 
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Jnless they аге trif- 
ids*, outdoor plants 
are totally depen- 
nt for their welfare 
(water, sun and 
chemicals) on 
— Mother Nature. 
useplants are not 
that lucky: they 
depend on man, 
who is often forget- 
ful when it comes to 
— watering or feeding 
- them. To help such 
neglig 
- owners/caretakd 
at least as 
far as 
water- 
ing is : 
concerned, | 
a circuit is ша 
described Ай 
that enables ^ 
he moisture of 
the soil of 
useplants to 
be monitored Well 
electronically. (СШ 
When the soil Ж 
- gets too dry, the 
monitor emits a 
series of squeaks 
to warn the owner 
_ OF Caretaker to add 
water. 







































=: puse planis and 
electronics 7-7 
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4 “Say it with flowers" is a well- plants in general. Of course, plants 


known slogan and it is a fact that are of tremendous importance to ani- 














(most) people like flowers and та! life in providing food and oxy- 
gen. But, where many outdoor plants 





—— have great nutrimental or photosyn- 
* The Day of the Triffids by John thetic value, houseplants are normal- 











Wyndham (1951) describes a race ly kept for their decorative effect. 
of monstrous, stinging plants, This decorative effect soon becomes 
mobile and rapidly multiplying, blemished, however, when the plant 
of invasive habit and malign is not watered regularly. 
intent. The book was made into To help the many people who for- 
а successful film a few years get to look after their houseplants 






by P Kersemakers 
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later. routinely, the circuit described here 
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will sound a warning when the plant 
m. soil becomes too dry and will contin- 
ue to do so until water has been 
added to the dry(ing) soil. Owing to 
( the low current drain, the monitor 


can operate from a single dry battery 
for.up to а year. 


PRINCIPLE 
The operation of the monitor 
pends on the property of water to 
duct when it contains chemicals, 
ch as alkalines or acids (found in 
е in good potplant soil and 
This means that 
t soil is а fairly good electric con- 
uctor When the soil dries, it 
becomes less and less conductive. 
Figure 1 shows the principle of 
M. the monitor. The electrical resistance, 
R, of the soil is measured by a pair of 
sharp pointed probes, Ej and Ез, 
which are pushed into the soil. The 
tance is continually monitored by 
a simple circuit. When the soil gets 
(too) dry, this circuit actuates a piezo- 
electric buzzer, Bz. Since the required 
moisture varies from plant to plant, a 
preset, P is added to set the mini- 
mum allowable moisture. 
The reliability of the 
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they would soon be subject to rapid 
oxidation or electrochemical destruc- 
tion. That is, depending on the direc- 
tion of the direct current, one of the 
probes would soon be enveloped in a 
film of oxide, while the other would 
be (partly) dissolved. This electrolysis 
is negated by the use of an alternat- 
ing current instead of a direct current. 


DESIGN 


circuit depends almost 
entirely on that of the 
probes. Were these to 
carry even only a tiny 
direct current, in the 
moist Conditions in 
which they are used, 






Fig. 2. The circuit is 
based оп а rectangular- 
wave generator, T1-T2, 
and current-sensitive 
switch T5-T6. The gen- 
erator provides the cur- 
rent with which the con- 
ductivity of the soil is 
measured, and the cur- 
rent to actuate the 
buzzer. 


Since nobody wants 
an unsightly piece of 
electronic hardware 
sticking conspicuous- 
ly into their decora- 
tive houseplant pots 
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Fig. 1. The houseplant 
buzzer is based on the 
property of moist soil 
being electrically con- 
ductive. The potential 
developed across the 
soil resistance R is 
measured via probes 
E1 and E2. If the soil is 
dry(ish) (R — high), a 
buzzer sounds. 


the design has 
been aimed at 
making the mon- 
itor as tiny as 
possible, Тһе 
resulting printed-circuit board is only 
slightly larger than the HP7 dry bat- 
tery that powers it. 

The low e.m.f, of an HP7 battery 
(1.5 V) puts certain restrictions on the 
electrical design. Bear in mind that 
silicon transistors need about 0.7 V to 
conduct, which leaves precious little 
of the battery voltage for driving 
them. This is, by the way, the reason 
that the circuit —see Fig. 2— is based 
on discrete transistors. Integrated cir- 
cuits (Ics) normally need a higher 
supply voltage. 


1N4148 2x 
BC550C 


950118 - 12 
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it may also be made in 
the home workshop 
This entails making a 
1:1 photocopy of the 
track layout on to 
film, transposing the 
film copy on to a (positive- 
sensitive) PC board, and etching the 
superfluous copper. This requires 
patience (lots) and experience 
(some), but it is not beyond the ken 
of most electronics enthusiasts. 

The ready-made board contains 
sub-boards for four monitors, since 
generally more than one houseplant 
needs monitoring 

Populate the board in stages and 






Fig. 3. The printed-cir- The circuit check the work after completing each 
cuit board for the based on tran- stage ши 
houseplant buzzer has ^ sistors T; and The work is begun by soldering the potentials at 2 and 3 
been kept as small as T forms a гес- resistors Rj-R,, followed by capaci- (collectors of T and T respectively) 
feasible to ensure that tangular-wave tors Cy, Со and Cø, and then transis- are about half the battery voltage, it 
the finished product generator. The tors Ту and Тз in their relevant posi- may be assumed that the generator 
does not detract frm | values of resis- | tions. Note that, to save space, the functions correctly, If these potentials 
re үе ишы, f tors Ry and R resistors are mounted upright. Next, аге much smaller than 02, the resis- 
Елдін; and of capaci- solder the battery-holder leads to the коњ are placed incorrectly or their 


tors Cy and С; 
ensure that the generator produces a 
rectangular voltage at a frequency of 
about 3 kHz. 

The generator fulfils two func- 
tions: it provides the alternating cur- 
rent for the probes and the signal for 
actuating the buzzer. 

Current amplifiers T3 and T4 form 
a load-compensating network for the 
generator. 

When the moisture of the rele- 
vant soil is correct, the generator sig- 
nal, amplified by T3-Ty, is applied to 
the probes, Еј and E», via capacitor 
Cy. This capacitor prevents any 
direct voltage from reaching the 
probes. The conducting soil between 
the probes closes the measuring-cur- 
rent loop, so that this current reach- 
es electronic switch Ts-T&. This 
switch is current-sensitive; when the 
current is above a certain level, Tj is 
cut off, so that the buzzer can not be 
actuated. 

When the soil becomes dry, the 
measuring current becomes smaller, 
so that, depending on the setting of 
Pj, switch T5-Tg is enabled. This 
means that Tg conducts and the 
buzzer is actuated to emit a 3 kHz 
tone 


CONSTRUCTION 

Since the printed-circuit board (see 
Fig. 3 ) is small, soldering has to be 
carried out with great care. The board 
is available ready made (see р.70), but 


4" 


board. 

Insert an HP7 battery into the 
holder. Use a multimeter, set to the 
2 V де. range, and check that the 
voltages at the test points indicated 
in Fig. 4 (with respect to earth, that 
is, the -ve terminal of the battery) 
are: ®: battery voltage, Up; ®, ©, ® 


value is wrong. If the potential is 
much higher than ЦЫ, there is 
something awry with the transistors 
(wrongly connected or incorrect 
type). 

If the potentials are as stated, 
remove the battery from the holder, 
solder Ёз, Ry, Сз, T3 and Ty into place, 


Squeaking crystals 


The piezo-electric effect occurs when certain materials (crystals) are subject- 
ed to mechanical stress. Electrical polarization is then set up in the crystal, 
whereupon the faces of the crystal become electrically charged. The polarity 
of the charge reverses if the compression is changed to tension. Conversely, 
an electric field applied across the material causes it to contract or expand 
according to the sign of the electric field. 

The effect is observed in all ferroelectric crystals and in all ferroelectric crys- 
tals that are asymmetric and have one or more polar axes. 

The effect is important because it couples electrical and mechanical energy | 
and thus has many applications for electromechanical transducers. 
Piezoelectric crystals are used to provide frequency standards and in piezo- 
electric oscillators. ` 
Figure (a) shows the principle of a domestic application: a lighter for gas fires. 
The hammer represents the mechanical force acting on the piezoelectric 
material. The voltage resulting from the distortion of the material is indicated 
by the meter. 

Figure (b) shows the change of shape of a piezoelectric material when an 
electric potential is applied to it. When the electric potential is an alternating 
one, produced for instance by the rapid opening and closing of a switch as in 
Fig. (с), the material will vibrate in rhythm with the rate of opening and closing 

of the switch. If this rate lies іп the frequency range 20-20000 Hz, the air dis- 
placed by the vibrating material will be audible. This is the principle of opera- 
tion of the buzzer used in the houseplant moisture monitor. | 
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and reinsert the Д 
battery into the 
holder. With the 
multimeter set as 
before, check that 
the potential at test 
point 4 (collectors 
T, Ty) is ши. 
When the multime- 
ter is momentarily 
replaced by the 
buzzer, this should 
emit a 3 kHz tone. 
If no tone is heard, 
it may be that its 
frequency is much 
too low or too high; 





this may be caused 
by incor 
of Cy, 

When all is cor- 


t values 








@ =U. 
rect, remove the 
battery {тот the 
holder, solder the 
remaining compo- 
nents into place and 
connect the buzzer 
provisionally. бей 


points. 


the multimeter to the 1 mÀ d.c. range 
and connect it in series with one of 
the battery holder leads. Reinsert the 
battery into the holder and check that 
the current drain is 0.1-0.2 mA. If it is 
appreciably different, check the value 
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Fig. 4. Various test 
points on the pcb. See 
text for values at these 


of all resistors. 

When all is well, 
fix the battery holder on 
to the track side of the 
board with double-sided 
adhesive tape (available 
from most stationery 
and piv shops). The advantage of this 
tape is that the holder can Бе 
removed at a later date if necessary 
Fix the back of the buzzer to the bat- 
tery holder (at the end opposite Тү 
Го) with superglue 

The probes consist of 15 cm 
lengths of 1 mm thick insulated cop- 
per wire, from each of which 2-3 mm 
insulation is removed at one end and 
4 cm at the other end. The 2-3 mm 
bare ends are soldered to the board 
The 4 cm bare ends are tinned to pre- 
vent any oxidation. Make sure that 
the probes are straight and equidis- 
tant (12 mm) from each other. 





USAGE 
After the battery has been inserted 
into the holder, push the monitor 
upright into the soil. Make sure that 
the bare probe ends are fully in the 
soil, but take care that there is suffi- 
cient space between the board and 
the soil to prevent the board getting 
wet when the plant is being watered. 
Alternatively, bend the probes to 
allow the monitor to hang over the 
rim of the pot on the outside. 
Normally, the monitor is pushed 
into the soil only near the time when 
watering of the plant is due (a mat- 
ter of experience). With the probes in 
dry(ish) soil (as relevant to the plant), 
set P to a position where the buzzer 
is silent, and then adjust it till the 








buzzer just operates. Sprinkle water 
on to the soil (away from the moni- 
tor), wait a few minutes for it to get 
well into the soil, and check that the 
buzzer ceases to work. If necessary, 
readjust Ру with the probes inserted 
into a different pot (950118) 


Components list 


Resistors: 

R1, R4 = 22 ка 

R2, R3 = 220 kQ 
R5, А6, RB = 100 КО 
R7 = 47 КО 

R9 = 10 МО 

P1 = 100 КО preset 


Сарасйогв: 

C1, C2 = 820 pF 
C3 = 470 pF 

C4 = 1uF 

C5 = 100 nF 


C6 = 10 pF, 63 V, radial 


Semiconductors: 

1 = 1N4148 
T1-T3, T5, T6 - ВС550С 
T4 - ВС560С 


Semiconductors: 

D1 = piezo-electric buzzer, 1.5 V 

1 off HP7 (AA, R6) dry battery 

1 off holder with leads for battery 

1 mm thick insulated copper wire for 
probes (see text) 

pcs Order по 950118-1 (р. 70). 






















By our editorial staff 





lose on the heels of 
the processor (CPU), 
the ЕЗУ: і5 







ponents i in a РС. 
Developments in the 
software industry 
over the last cou- 
ple of years have S 

made massive * 
amounts of memory 
necessary to run an 
operating system like 
MS-Windows. Today, 
9 there are so many dif- 
ferent types of mem- 
_ ory available that it is 
no longer easy to 
- know exactly which 
i ype to use for a par- 
lar application. An 
troductory overview 
therefore presented 
in this article. 








SRAMs, DRAMs, EDO RAMs, SIMMs, 
SIPPs ..., there is a such bewildering 
number of memory options for the 
computer that it is hard to keep them 
apart and, more importantly, to select 
the right type if you want to extend 
the memory in your computer. 

In principle, it is all very sim- 
ple. Currently, two types of memory 
are available: static RAM (SRAM) and 
dynamic RAM (DRAM). RAM stands. 
for random access memory. In a static 
RAM, each memory cell consists of a 
flipflop (comprising, a few semicon- 
ductors) which is at one of two logic 
states, and so capable of ‘remembering’ 
a value. The dynamic RAM has a 
much simpler construction: a capacitor 
is charged or discharged by a field-ef- 
fect transistor (FET) or an ordinary 
transistor. The major disadvantage of 
this type of memory is, however, that 
the memory contents has to be re- 
freshed frequently (every few mil- 
liseconds) because the charge con- 
tained in the capacitor disappears 
slowly because of leakage. This leak- 
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FOCUS ON: 
^C MEMORY CHIPS 





age is significant because capacitors in 
a DRAM have a capacitance of less 
than 0.1 pE This problem calls for a 
more complex type of drive. Be- 
cause charging and discharging a 
capacitor takes more time than mak- 
ing a semiconductor switch on or 
off, static memories are much faster 
than dynamic ones. The latest 
SRAMs boast access times of 10 to 
20 ns (nanoseconds), while values of 
60 to 70 ns are common with state- 
of-the-art DRAMs. 

Because of the more com- 
plex structure of the SRAM, this de- 
vice is typically larger and more ex- 
pensive than its dynamic counter- 
part. Thats why the mass memories 
in today’s computers consist mainly 
of DRAM. SRAMs are only used for 
fast intermediate memories (cache). 





SECOND-LEVEL CACHE 
Since the introduction of the 80386 
processor, PC motherboards have a 
certain amount of fast cache memory 
that forms a buffer between the fast 
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processor and the much slower (but 
relatively expensive) DRAM memory. 
Cache memory these days comes in 
two variants: asynchronous and syn- 
chronous SRAM. With asynchronous 
SRAM, the processor has to wait for 
the associated data to appear at the 
outputs after it applies an address. 
With synchronous SRAM, an address 
is supplied, and then the data also ap- 
pears after some time. However, the 
SRAM then immediately sends the 
data at the next three locations, with- 
out actually requiring new addresses. 
This trick results in faster timing. 

The latest in cache memory 
is the pipelined burst cache RAM, which 
is based on the principle of the syn- 
chronous SRAM. The pipelined ver- 
sion however has an extra buffer 
(‘latch’) at its outputs, which enables 
a new address to be supplied while 
data are still being read from the out- 
puts. This allows access times of be- 
tween 4 and 8 ns to be achieved, so 
that even the fastest Pentiums can 
process cache memory data without 
wait loops. 

SRAMs come іп many dif- 
ferent physical shapes and sizes. 
Until recently, SRAMs used to be 
housed in ordinary DIL cases. Nowa- 
days they are often implemented as 
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surface-mounted devices (SMDs), 
and are soldered directly on to the 
board. The latest development is the 
cache module, which is plugged into 
a socket on the motherboard. Such a 
module simplifies exchanging the 
cache memory considerably. 


MILLIONS 

OF CAPACITORS 

As already mentioned, the large user 
memory in your PC consists of dy- 
namic RAMs. During the course of 
computer history, the capacity of 
DRAMs has grown steadily. Way back 
in 1970, the first 1-Kbit DRAM ap- 
peared on the market. Today, 256-Mbit 
chips are being developed and tested 
in semiconductor laboratories. With 
DRAMs, too, the physical appearance 
has changed considerably, Whereas 
the first computers had lots of memo- 
ry chips in DIL (dual-in-line) plastic or 
ceramic cases, today’s computers con- 
tain almost exclusively SMDs. 





To make changing the memory con- 
figuration on the motherboard a little 
easier for the user, modules have been 
developed. These аге small printed-cir- 
cuit boards which contain a number of 
memory chips. Initially, there were 
two types of module: the SIPP and the 


SIMM. The difference is easy to see: a 
SIPP has connecting pins, while a 
SIMM has connecting copper pads 
(contact fingers) on the board. Mean- 
while, SIPPs seem to have died out, 
and today’s PC motherboards allow 
only SIMMS to be fitted. SIPP-to-SIMM 
adaptors are still available, however. 

Originally, SIPPs and SIMMs 
were invariably 30-pin modules. 
‘Today, however, an increasing number 
of SIMMS is of the 72-pin type, which 
is identified as the ‘PS/2 SIMM’. The 
72-pin SIMM and its 30-pin prede- 
or have different memory struc- 
as will be seen further on in 
this article. 






ce 
tures, 





MEMORY ORGANISATION 
IN A PC 


Since the introduction of the Intel 8086 
CPU, the bus width of processors has 
shown a steady increase. Limiting our- 
selves to the CPU generations which 
are important in this day and age, it is 
seen that the 80386 and 80486 feature 
an external bus width of 32 bits, and 
the Pentium, one of 64 bits. Add to 


Fig. 1. Three different 
packages used for 


old DIL case as you 
probably know it from 
many other ICs; the 
30-pin SIMM and the 
72-pin SIMM. 











that the fact that an ordinary SIMM 
has a width of eight bits (sometimes 
nine if a parity bit is available), and 
a PS/2 SIMM, a width of 32 bits, and 


64-bit DRAM 


you will have no problems under- 
standing why a PC motherboard 
must contain a certain number of 
memory modules. Such a group of 


Fig. 2. The processor 
bus width also deter- 
mines the logic width 
(in bits) of the memory 
banks. This is an 
important fact to keep 
in mind when you start 
thinking about extend- 
ing the memory of 
your РС. 


modules with a total width equal to 
the CPU's external bus width is 
called a bank 

An 80386 or 80486-based 
computer has to be fitted with at least 
four SIMMs to allow the full bus width 
of 32 bits to be addressed in one oper- 
ation. If you want to increase the 
memory of such a PC, that is only pos- 
sible by adding at least four SIMMs. 
However, if PS/2 SIMMs are used, it is 
possible to work with one module at a 
time, because the module has a width 
of 32 bits. This is illustrated diagram- 
matically in Fig, 2. With a Pentium, the 
memory bus width should be 64 bits, 
so that you are forced to work with 
multiples of two PS/2 SIMMs (Pentium 
motherboards usually contain 72-pin 
memory slots only) 


DRAM TYPES 
Until recently, there was just one 


(generic) type of DRAM for computer 
use. The only specification that mat- 





tered in the choice of this device was 
the access time. This specification is 


Memory requirements for PCs have increased dramatical- 
ly since the arrival of MS-Windows 3.1, and even more so 
when Windows 95 was released. Eight megabytes 
seems to be the minimum amount of memory a PC 
should have to be able to use these operating systems 
at all. But memory is expensive, however, and some 
software houses recognized the market potential of a 
product which enables the amount of memory to be 
increased artificially. These programs are generally 
referred to as RAM doublers. 


How do they work? 

To begin with, a RAM doubler provides much better 
resource management. Useful as that may be with 
Windows 3.1, it is not normally necessary with 
Windows 95. Secondly, these programs do exactly 
what their (generic) name implies: they increase the 
amount of memory available. Use it made of the fact 
that Windows uses a swap file. Basically, that is a file 


ЖЕ 


оп the hard disk which is used to store data if it does 
not fit in the user memory any more. Because a hard 
disk is much slower than a memory, the use of a swap 
file tends to slow the computer down. Most RAM dou- 
bler software compresses data before writing it to the 
hard disk, so that less space is taken up (the process 
is similar to the file compression techniques used by 
pack/unpack programs such as PKZIP or ARJ). Good! 
On the down side, however, compressing and decom- 
pressing data is a software overhead which takes time, 
and requires a dedicated buffer area to be reserved in 
the user memory. The net profit is, well, marginal, if we 
are to believe the test results published in various com- 
puter magazines. Here, too, the rule is: nothing beats 
real RAMs. None the less, those of you struggling with 
Windows 3.1 or a small hard disk may like the results of 
programs such as SoftRAM, RAM Doubler or 
MagnaRAM. Most of these programs may be obtained 
at prices of 25-odd pounds. 
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usually printed on the device as a suf- 
fix to the type number. For most 80386 
and 80486 based machines, 60 ns or 
70 ns is a good choice. With modern 
PCs, however, the external bus clock 
is so high that a couple of wait 
states have to be 'thrown in', not for 
amusement, but to allow data to be 
processed reliably even if 60-ns 
DRAMs are used (which are cur- 
rently the fastest types around). 

Because DRAMSs faster than 
60 ns are still difficult to produce in 
volume quantities, the manufactur- 
ers have come up with a couple of 
tricks to make their DRAMSs faster, at 
least as far as a number of tasks are 
concerned. Today's magic word is 
EDO-RAM. The abbreviation stands 
for extended data out. A special out- 
put register enables data to remain 
available longer at the output of the 
RAM. This allows a new address to 
be supplied while the data with the 
previous address is still being read. 
In practice, this approach offers a 
speed increase of between 10 and 
20 per cent as far as data exchange is 
concerned between the CPU and 
the memory. 

EDO-RAM is normally a 
little more expensive than ordinary 
DRAM. The price difference is, how- 
ever, expected to disappear before 
long. The control electronics on the 
motherboard must be capable of dri- 
ving EDO-RAM. Consequently, you 
can't normally mix EDO-RAM and 
regular RAM on a PC motherboard. 

In spite of its higher (appar- 
ent) speed, EDO-RAM is no real sub- 
stitute for a ond-level cache. The 
latter remai ntial for fast inter- 
mediate processing of memory data. 
Meanwhile, our highly esteemed 
memory chip manufacturers have 
come up with yet other variants like 
burst-CAS DRAM, synchronous DRAM, 
RAMbus DRAM and multibank DRAM. 
None of these is, however, ready for 
wide application in computers. 









ABOUT THE PARITY 
BIT 
Since the introduction of the first IBM 
PC-XT, all ‘compatibles’ (clones) have 
used a memory which contains a par- 
ity bit. The parity bit is an extra bit that 
represents the checksum of the other 
eight bits. It allows the CPU to check 
the integrity of the data contained in 
the memory. 

Unfortunately, memory ICs 
can develop so-called soft errors. These 
errors are caused by alpha parts from 
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1M x 32 (4MB) 
1M x 32 (4MB) 
1M x 32 (4MB) 
1M x 32 (4MB) 
1M x 32 (4MB) 
2M x 32 (8MB) 
2M x 32 (8MB) 
2M x 32 (8MB) 
2M x 32 (8MB) 
2M x 32 (8MB) 
4M x 32 (16MB) 
4M x 32 (16MB) 
4M x 32 (16MB) 
4M x 32 (16MB) 
4M x 32 (16MB) 
8M x 32 (32MB) 
8M x 32 (32MB) 
8M x 32 (32MB) 
8M x 32 (32MB) 
8M x 32 (32MB) 























Empty 8MB 
1M x 32 (4MB) 16MB 
2M x 32 (8MB) 24MB 
4M x 32 (16MB) 40MB 
8M x 32 (32MB) 72MB 
Empty 16MB 
1M x 32 (AMB) 24MB 
2M x 32 (8MB) 32MB 
4M x 32 (16MB) 48MB 
8M x 32 (32MB) 80MB 
Empty 32MB 
1M x 32 (4MB) 40MB 
2M x 32 (8MB) 48MB 
4M x 32 (16MB) 64MB 
8M x 32 (32MB) 96MB 
Empty 64MB 
1M x 32 (4MB) 72MB 
2M x 32 (8MB) 80MB 
4M x 32 (16MB) 96MB 
8M x 32 (32MB) 128MB 











Ен 
` erboard with four 72- 
pin memory connec- 
pte pee i 
be fitted is 8 MB, the. 
largest, 128 MB. 


radioactive Kalium, which is present 
inside the IC enclosure. In the mean 
time, the production of the relevant 
materials is under much stricter con- 
trol, and the density of the chips has 
increased appreciably. These two facts 
have reduced the occurrence of a soft 
error to about once in ten years, as- 
suming that a modern system is used 
in a normal way. The risk of a soft 
error occurring is considered so small 
that you may reasonably question the 
need for a parity bit. Moderns SIMMs, 
whether 30 or 72-pin types, may be 
purchased with or without a parity bit, 
or with a simulated one, Incidentally, 
there are many РС motherboards 
around these days that do not use the 
parity bit at all. 1f that is the case, it 
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makes no sense to fit memory п 
ules with a parity bit. In any case, Би! 
ing memory modules with a parity’ 

seems unnecessary if you have а fair- - 
ly recent motherboard. 




































FINALE: SOME PRA 
TICAL THOUGHTS 
Memories for modern. 
come in many shapes and sizes, 
ing the user a hard time to sele 
proper type when it come: 


Among the many questions you 
have to ask yourself are: which | 


computer? Is it ordinary DRAM 
EDO-RAM? What is the current. 
pacity per module, and how 
connector locations do 1 have ay 
able? What is the processor. 
width? How many modules 
install at a time? Is a parity 
quired? 

By taking a few | 
sions it should not be too 
find the right memory extensi 
your computer. 






In audio engineering 
there is often 
a require- 
ment for a fil- 
ter that either 
passes or 
blocks cer- 
tain frequen- 
cies or fre- 
quency ranges. "| 
This require- 
ment is met by the fil- 
ter described in this 
article: the type of filter 
response required is 
available at the flick of 
a switch. 
The use of a special fil- 
ter IC from National 
Semiconductor in con- 
junction with switched 
capacitors make the 
construction and align- 
ment, even for high- 
order configurations, 
straightforward. 
Although the filter is 
intended primarily for 
test and measurement, 
it may also be used for 
signal enhancement 
and noise suppression 
in short-wave receivers 
and for experimenta- 
tion in electronic 
music. 







Design by F. Ниере! 
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Filter responses: 


AF pass band > 
ilter frequenc: 
ШІ ы amplification 
Output voltage ripple 

Input voltage 

Input impedance 
Output offset 
Power requirement 


5 Vpp ( 
100 KQ 


240 V, 2 W 


The filter fulfils the same function in 
measurement technology as in short- 
t limits the desired fre- 





wave receivers 
quency band and suppresses noise 
outside that band. It then operates as 
a band filter. If, however, a band 
below a certain frequency, say, 50 Hz, 
has to be suppressed, it functions as a 
high-pass filter. Where high-frequency 
noise or whistles must be suppressed, 





the filter can be made to work as a 
low-pass type. If a frequency, say 
50 Hz or 100 Hz, within the pass 
has to be suppressed, the filter can op- 
erate as a notch type. All these types 


and 





of filter function may prove useful in 
experiments in electronic music. 


THE FILTER IC 

The filter is based on a special filter 
IC from National Semiconductor. 
This device contains two second- 
order filter sections, A and B, which 
can be used separately or in cascade. 
In either case, they provide a mul- 
tiplicity of filter configurations. 
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ss, low-pass (24 dB/octave), 


wave) maximum 


Each section is designed as a state- 
variable filter that can function as high- 
pass, low-pass or band-pass. The great 
advantage of this setup compared with 
a discrete design is the simplicity of the 
circuit and the 
quency can be reset, even at higher- 
order functions. 

The pinout and circuit of the 20-pin 
IC are shown in Fig. 1. Pin 4 (17) is the 
input of the device. Pins 1 (20) and 2 
(19) are the low-pass and band-pass 
outputs respectively. Pin 3 (18) is a fur- 
ther output which, according to the 
switching voltage, provides an all-pass, 
high-pass or notch characteristic at 
pins 5 (15-16) and 6 (16). In the present 
circuit it is arranged to provide a high- 
pass characteristic 


зе with which the fre- 












Pin 15 is the analogue-circuit earth 
to which the non-inverting terminals 
of all internal op amps and the refer- 
ence points of the IC are strapped 

The power supply to analogue and 
digital circuits is separate via pins 7, 14 
and 8, 13 respectively. 
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STATE-VARIABLE 
FILTER 

А state-variable filter is based on two 
integrators and an inverter. If the inte- 
grator resistors are variable, the filter 
can easily be tuned. Unfortunately, it 
is impossible to build a variable resis- 
tor into the present IC. Therefore, the 
switched-capacitor principle is used, 
which provides a variable filter fre- 
quency, fo, that is dependent on the 
external clock supplied to pin 10 (11), 

The equivalence of a resistor and 
switched capacitor is shown in Fig. 2. 
In case of a resistor, the current, Г, is 
determined by the applied voltage, U, 
and the resistance, R. In case of a ca- 
pacitor, the capacitance, C,, fulfils the 
same function as the resistance R. 

When the switch connects C, to the 
input voltage, LI, the capacitor is being 
charged. When the switch position is 
changed, the capacitor provides (part 
of) its charge to the outpul. Thus, in 
each switching period a certain charge 
is transferred from input to output. 

In this way, an average current, I, 
flows that is determined by the input 
voltage, the capacitance of the 
switched capacitor and the switching, 
frequency, f Thus, the higher the 
switching frequency, the higher the 
current. This means that a switched ca- 
pacitor can replace a variable resistor. 
The linear relation between the switch- 
ing frequency and the equivalent ad- 
mittance of the setup is noteworthy. 

А small flaw in the setup is that a 
tiny part of the switching signal is pre- 
sent in the output signal. In case of a 
sinusoidal input signal, the output re- 
sembles a digitally regenerated sine 
wave, that is, it looks like a stepped 
waveform. The amplitude of the steps 
is proportional to the signal voltage. 
Fortunately, the frequency of the in- 
terfering voltage is much higher than 
that of the input signal. Thus, it will be 
virtually undetectable over a wide 
range of filter frequencies. 

In a practical circuit, integrated 
CMOS switches are used. 

Depending on the voltage at pin 12 
the clock for IC; must be 50-100 times 
higher than the wanted filter frequen- 
cy, f» With +5 V at pin 12, the multi- 
plication factor is x50. This arrange- 
ment ensures that the internally gen- 
erated noise of the filter is a minimum. 
Moreover, the clock at pin 10 (11) must 
not exceed 1.5 Mhz, which means that 
with a multiplication factor of x 100, 
the upper frequency of the filter 
would be limited to 15 kHz. Note that 
the factor 50 must not be taken too 
literally: it has a tolerance of 27; in 
the prototype, it was 49.4. 
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THE FILTER 
PROPER 

With the possible excep- 
tion of the switched-ca- 
pacitor principle, the 
function of of the circuit 
in Fig, 3 is straightforward 

Circuit ІС; operates as a bipolar 
input buffer that is provided with an 
input protection network, 1-0-0, 

The voltage drop across Ry is com- 
pensated by the amplification of IC», 
which is set to 1.5 by Ry and Ry, Ca- 
pacitor C» stabilizes the op amp, since 
is internally compensated only 
for amplifications exceeding x3. The 
offset of IC is compensated with Р, 
while its output is taken directly to the 
input, pin 4, of IC}. 

The low-pass (LP), band-pass (hP) 
and high-pass (Hr) outputs of filter 
section A of IC, are applied to ganged 
switch array 5-55, which can also se- 
lect notch filter N and octave filter ©. 
With the switches in positions Hr; Lr 
and вр, the outputs of filler section A 
are applied to the input of filter section 
B. That is, the two filter sections are 
cascaded (fourth order filter) to pro- 
vide a steeper slope of the response 
curves. 








ES 


a 








Fig.1. Pinout and cir- 
cuit of the Type МЕТО 
special filter ІС. 


The output ot ICs, is 
applied to the output 
buffer via the switch 
array. The second sec- 
tion of IC, is then not used: its input 
resistor, Күз, is grounded via the switch 
array. 

The band-pass characteristic of the 
filter is relatively narrow. For cases in 
which a wider frequency band is 
needed, an octave-filter has been pro- 
vided, When the switch array is in po- 
sition o, the high-pass output of filter 
section A in IC, is applied to section B 
via the switch array, and then taken 
from the low-pass output (pin 20). At 
the same time, Sje ensures that the 
clock to the first section is half that to 
the second section. This arrangement 
provides an upper limit of the HP char- 
acteristic which is an octave lower than 
that of the low-pass characteristic, so 
that the frequency band between these 
two points is available at all times. 








REMAINDER OF 

CIRCUIT 

The output of IC, has a small offset 
voltage which nor- 





Ж wim т - 
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The outputs of filter Fig, 2. Because of the mally does not affect 
section В аге applied to shift of the charge the operation. 
output buffer ICs, via through the frequen- The larger part of 
the switch array. с int switch, the circuit enclosed by 

Output socket K is the functions aS һе dotted lines is the 
preceded by low-pass 8 resistor. clock generator, which 
section, Кд- Съз, which, 
at least at higher val- 
ues of f, suppresses 
any residual clock ZA ù 
signal at the output. 3 в 

With the switch کڪ‎ EG, 
array in position N, a Т 
notch filter is con- | b eus | i 
structed in summing = РИ 
amplifier IC, from a © 
combination of the 
high-pass and low- 

‘960040 -12 


pass functions of fil- 
ter section A in IC). 
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is based on 
IC,. Although 
the manufac- 
turers’ data 
sheet of this 


cmos device 
indicates that it can work up to 
500 kHz, it operates with reasonably 
steep edges to well over 1 Mhz when 
it is arranged as an astable. Resistors 
Rig and Куо, in conjunction with Ds 
and Dø provide a duty factor of 50%, 
which is required for optimum opera- 
tion of IC}. If necessary, the factor can 
be trimmed to exactly 50% with P3. 

Capacitors С;-Су and С,;-С,,, 
which are switched with бра, and Pa 
enable three overlapping frequency 
ranges to be set 1-10 kHz, 
10-100 kHz, and 0.1-1 Mhz, corre- 
sponding to filter frequencies of 20 Hz 
to 20 kHz. 

To ensure troublefree oscillating of 
IC, at high frequencies, the device is 
switched between -5 V and +5 V. Re- 
sistors R5; and Кэ revert the oscillator 
voltage to TI level referred to ground. 
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The clock is applied to pins 10 and 
11 of IC, direct and via Sie 

Half the clock frequency required 
for filter section A of IC; when the oc- 
lave filter function is selected is pro- 
vided by ICs,, a bistable connected as 
binary counter. 

Socket Ко has two functions. In 
standard operation a frequency meter 
may be connected to it to aid in setting, 
the filter frequency which is V/s, of the 
measured clock. 

In the fourth position of the range 
switch, IC, is disabled via the reset 
input (Ska) and isolated from the re- 
mainder of the circuit by Sq. Ап ex- 
ternal clock with known frequency at 
TTL level can then be connected to Кэ. 
If the signal is higher than ТТІ, it will 
be limited by network Rj7-Ds-D;. 

The on/off indicator LED, Dy, and its 
series resistor, Къз, are connected be- 
tween the -ve and +ve supply lines to 
ensure symmetrical loading of the 
power supply. 

The power supply is a traditional 
design. The specified transformer is 
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short-circuit proof, so that no fuse is ге- 
quired. Because of its small load (about 
38 mA for the oscillator and LED and 
around 13 mA for the filter), it has 
ample reserves in spite of its low sec- 
ondary voltage. 

The various filter capacitors in the 
supply lines ensure that there is no 
coupling between the clock and the fil- 
ter channel, 


POPULATING THE 
BOARDS 

The filter is built on three printed-cir- 
cuit boards that are fitted in a small 
metal enclosure. The filter circuit ртор- 
er, in line with National Semiconduc- 
tor recommendations, is built on a 
double-sided printed-circuit board— 
see Fig. 4. The upper side contains the 
analogue ground plane and serves as 
screen. The digital ground is at the un- 
derside. The upper side also contains 
some wire bridges made of insulated 
circuit wire. The Іс sockets must be fit- 
ted so that its pins, like the terminals 
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of some other components, сап be sol- 
dered at the top as well as at the un- 
derside of the board 

Switches 51-55 are contained іп a 
ganged push-button array. If this 
proves difficult or impossible to obtain, 
different switches may be used, as 
long as they are ganged. Apart from S, 
(octave function), the switches use 
only two of the four change-over зес- 
tions; the other two are grounded to 
minimize any coupling between clock 
and filter. 

Clock-carrying lines are not pro- 
vided as tracks on the boards: they are 
made from discrete, single-screen 
cable. The screens should be ground- 
ed at only one side. 

The supply lines are taken from the 





power supply to the filter board, and 
from there to the clock generator. 

The analogue and digital supply 
lines are interconnected close to IC, 
and decoupled Бу С;-С;. 

Sockets Ку-Ко are linked to the 
boards via screened cable. It is advis- 
able to isolate Кз and Кз from the en- 
closure: their ground is then connect- 
ed to the relevant earthing point via 
the screen of the cable. Socket Kj, 
however, is a normal BNC type whose 
shell is connected directly to the en- 
closure: this is the only place where 
the circuit earth is connected to the en- 
closure. 

Components Ra, and C5; аге not 
housed on the board: they are sol- 
dered directly to the output socket. 





Populate the board in the usual 
order, starting with the wire bridges, 
followed by diodes and resistors, and 
then the larger components. Make 
sure that none of the components 
makes contact with the earth plane. 


FiTTING THE BOARDS 
The filter board is fixed at the front on 
to the ganged switch array and at the 
rear to the enclosure via two spacers. 
Figure 5 shows the layout of the pro- 
totype. 

Fine clock frequency control Р; is а 
10-turn potentiometer that is screwed 
on to the board and connected to the 
relevant tracks via two lengths of flex- 
ible. insulated circuit wire. A standard 


Aliasing: cause and prevention 





When an analogue signal is being sampled, the the sampling A 
frequency, feiw must be at least twice the signal frequency, fs. ахта, | | | , 1 
If this is not the case, Shannon's theorem predicts that infor- AI 





mation will get lost. If the sampling frequency is lower than 
the signal frequency, a signal fı is retrieved from the sam- 
pled information that differs from the original input signal 
(Nyquist criterion). The retrieved signal—the alias signal— 
has a frequency that corresponds to the harmonics of the 
high-frequency components of fs. 

In Fig. A, the upper sinusoidal signal is sampled correctly 
since for = ВЕ. 

The signal beneath it is sampled at 2f,, which meets the 
Nyquist criterion, but falls foul of Shannon's theorem. The 
original signal is then sampled correctly only if this is done at 
amplitudes well above zero; if sampling takes place at the | 
zero crossing, most, if not all, of the information would be 
lost. в 
The third signal is sampled а! 1.35, so that, in accordance 
with Nyquist's criterion, the data of the original signal are 
lost. The retrieved signal has a frequency that is lower than 
fs/2. 

Even when the requirement Геце: 21; is met, aliasing compo- 
nents fok + f, and fo, — f, may cause problems as shown іп 
Fig. B. This is because, although the higher alias compo- 
nents are well away from the usable (Nyquist) bandwidth, 
0-і;,/2, the lower ones may come dangerously close. When 
ішке 2f. they may even fall within the Nyquist bandwidth. 
The foregoing could lead to the assumption that there are no 
aliasing problems when the MF10 is used, since the sam- 
pling frequency (clock) is 50f, or even 1001, (where 1; is the 
filter frequency). However, if the input signal is not limited to 
the Nyquist bandwidth, it is possible in applications with a 
high upper pass band—high-pass, notch, band-stop—that B 
aliasing components are present in the output signal, even 
though the clock is much higher than the filter frequency. 
Aliasing effects are relatively easily prevented by limiting the 
input signal to the Nyquist bandwidth with the aid of a suit- 
able low-pass filter before sampling is carried out (Fig. C). 
The limiting frequency should be as low as feasible. A suit- 
able value is fs, but if there are wanted signal components 
in the range fs — fej/2, it must be appropriately higher. Тһе 3 Так! 
lower alias components then have a limiting frequency of | 
fik — fs 

The slope is determined by the wanted attenuation of the 
aliasing components in the range 0—f, The attenuation 
results from the dynamic range, D, of the output signal. 
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Fig. 4. Тһе double- 


sided PCB must be the prototype filter 
cut into three before with top cover 
any work is done on it. removed. 


potentiometer is less expensive, but, to 
ensure that high frequencies 
readily within the relevant range, it 
should have a negative logarithmic 
characteristic. 


can be set 





Parts list 

Resistors: 

Ry, Ва = 33 КО 

Ro, Ry = 68 КО 

Rg = 22 КО 

Re-Rig = 22.1 КО, 1% 
Riy, Ros Rag = 1 КО 
Rig, Rig = 470 Q 

Rog = 100 КО 

Roy Raa = 220 0 

P, = 100 kQ preset 

P5 = 10 КО, 10-turn potentiometer 
Ра = 20 КО multiturn preset 





Capacitors: 
С; = 2.2 uF, polypropylene, 
pitch 5 тт 
С» = 22 pF, 160 V, polyester 
Сз, Cs = 47 uF, 25 V, vertical 
бе. Cg, Суг, Сіз, C7, Сіз, C20, Car 
100 nF, ceramic 
с, -47пЕ 
Ca, C25 = 4.7 ПЕ 
Cy = 470 pF, 160 V, polyester 
Сто Cy = 470 pF, 25 V, vertical 
Сы-Св, Соз = 10 pF, 63 V, vertical 
Cig = 10 nF 


Cog 00 pF trimmer 
Сә, Cog = 100 F, 10 V, vertical 





Inductors: 
Li-L = 47 UF 


Semiconductors: 
D,-Dg = 1М4148 
D; - LED, red, 3 mm or 5 mm 


Integrated circuits: 
ІСІ - MF10CCN (National Semicon- 


Miscellaneous: 

Ку-Ка = Bnc socket for board 
mounting 

Ky = 2-way terminal block for board 

mounting, pitch 7.5 mm 

51-55 = 5-way ganged push-button 
‘switch array 

Sg = rotary switch, 2 pole, 6 рові- 
tion for board 
mounting 

B, - rectifier В80С1500, round 

Tr, = mains transformer, 2x9 V 
secondary, 3.3 VÀ 
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Fig. 5. General view of 


Rotary 
switch Sg is sol- 
dered directly 
on to the board. 

The supply 
board is fitted 
next to the oscil- 
lator board on 
four 10 mm 





long  spacers. 
The mains 
on/off switch is 
fitted on to the 
rear panel. 





ALIGNME 
When the boards have been populat- 
ed, do not yet insert the ics into their 
sockets. Set P, and P3 to the centre of 
their travel, switch on the mains (the 
on/off indicator LED forms the basic 
load for the power supply) and check 
that the supply voltages at various 
points are correct. Switch off the mains 
and insert the ICs into their socket, 

Check that the clock generator 
functions correctly: ranges 1-10 kHz 
and 10-100 kHz should present no dif- 
ficulties, With an oscilloscope and 10:1 
probe, check the wave form and duty 
factor. If necessary, adjust Р until the 
factor is exactly 50%, This setting must 
be carried out before the final check of 
the end of the range, which is carried 
out with a frequency meter connected 
to Ks. 

Next, align the 0.1-1 Mhz range in 
the same way as the other ranges, 








which, owing to the trimmer, should 
present no difficulties. The frequency 
at pin 5 of ICs should be half that at 
Ky 

Apart from compensating the offset 
of ICs, there are no alignments on the 
filter board. The offset voltage of IC5, 
measured between pin 6 and ground, 
is set to zero with Pj. 

Input a signal of exactly 1 KHz and 
set the filter function to NOTCH. Set Sg 
to position 2, adjust P» until the output 
voltage is a minimum, and measure 
the clock at Ко. The measured value is 
the clock factor: Since finding the mi 
imum output voltage is tedious, it is 
advisable to repeat the adjustment and 
measurement a couple of times to get 
a good average. 

Figure 6 shows the frequency re- 








sponse curves of the individual filler 
types. These curves have been nor- 
malized and are obtained with the 
minimum deviation from f, in all 
cases. (980040) 


Fig. 6. Normalized 
6 transfer functions of 
the MF10. 
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The Radio Data 
System (RDS) is 
now well estab- 
lished among VHF- 
FM broadcasters 
aiming at providing 
additional information 
with their radio pro- 
grammes. Іп addition 
to up-to-date traffic 
information, RDS also 
brings you, on an LCD 
screen, alternative fre- 














quencies, time infor- БЕТТІ 
mation and a feature picat’ : 
Д „ќа 
called Radiotext. The gp „ог 00" 
latter in particular ain опт" x 
is on the rise ^ nuo Prine дадә "е0 
these days, with айо anno"! ie |068 Ж consumpto 
an increasing вітре 90° аве. сот цот ОИ 
number of stations  exe™ прое ҮЛ (onboard ? pro- 
i { h трас" се! ject is compact 
_ Offering this addi- а 0°’ gy FM ator at just 84x44 mm, and 
tional information to Fart 9? Жаба ара ofa Баа: 
y Align Apart acter LCD unit. 





listeners at home and 
in their cars. 
A PIC16C84 micro- 
controller allows a 
simple and pretty 
compact RDS add-on 
decoder to be built 
based on only two 
integrated circuits. 


Design by U. Nagel] 


from the traffic-re- 

lated functions aimed at the car 
radio market, other RDS functions 
such as transmitter identification, time 
and radiotext are of great interest to 
owners of home based FM radios 
The RDS decoder presented here was 
developed to function as a simple ex- 
tension to any (we hope) domestic 
FM stereo receiver. The circuit dis- 
plays the station name, time (with 
atomic accuracy from some transmit- 
ters) and radiotext on a 2x16 or 1x40 
character liquid screen display (LCD). 
The printed circuit board for this 
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THE CIRCUIT 

RDS processor ІСІ contains every- 
thing you need to demodulate the 
data signal taken from an FM re- 
ceiver. We are talking about the 
0 from SGS-Thomson, a chip 
contains RDS subcarrier filters as 
well as а dedicated demodulator. The 
filter is alignment-free thanks to a 







quartz-controlled switched-capacitor 
network. Obviously, the total absence 
of adjustment points on the RDS de- 
modulator chip is a great help in keep- 
ing the construction of the RDS de- 
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coder as simple аз possible. 

A supply voltage of 5 V is required 
to power the RDS decoder. The de 
coder supplies the familiar set of RDS 
output signals: RDS CLOCK (pin 12), 
RDS DATA (ріп 13), RDS QUALITY 
(pin 14) and ARI (Autofahrer Radio In- 
formation, for Germany only) (pin 15). 
The TDA7330 may be used with a 
4,332-MHz or an 8.664-MHz quartz 
crystal. The first option is selected by 
ited, the lat- 
ter, by strapping pin 18 to +5 V. Here, 
an oscillator frequency of 4.332-MHz 
is used, which doubles as the clock for 
the PIC, allowing this device to work 
without its on-chip oscillator. 

Design information on the TDA7330 
is given on the Elektor Electronics 
Datasheet elsewhere in this issue. 
The input of the demodulator chip 
is supplied with the multiplex 
(МРХ) signal, which is ‘stolen’ from 
the input of the stereo decoder in 
the FM receiver. Only two of the 
previously mentioned RDS outputs 
are used here, namely the RDS data 
signal (RDDA, pin 13) and the asso- 
ciated clock (RDCL, ріп 12). The 
clock frequency equals 57,000/28 Hz, 
i.e., 1187.5 Hz. It is used to produce 
an interrupt at processor ріп RBO. In 
the interrupt routine, the processor 
reads the data signal at its RTTC pin 
(ріп 3 of the PIC). 

The liquid crystal display (LCD) is 
operated in four-bit mode, in which 





leaving pin 18 open-cire 
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IC socket. The display is se- 
cured at the solder side of the 
board with the aid of short 
wires or header/socket con- 
nections, so that the solder 
sides face one another. Al- 
though the noise emission of 
the decoder/display unit will 
be low, it does no harm to fit 
the project in a screened 
metal enclosure. In most 
cases, however, an all-plastic 
case will be equally suitable. 

The board has a cinch socket 
via which the multiplex signal 
is applied. Before taking the 
RDS decoder into use, you 
should make sure the board is 
correctly populated, Also 
check the use of the jumper 
(see above). For an initial test, 
power the decoder from a di- 


rect voltage 

Forgetting about the source supplying 

poraga els anything be- 

е moment, an RDS twee 9 ала 

Pee сод де hun И about 12V, for 

Tor Mise j^ example, your 

only D4 through D7 are _ PIC and a standard benchtop regu- 
used. Data lines 00, DI, D? LCD module lated d.c. power 


and D3 are, therefore, not 

used. RBI, RB2 and RB3 are the con- 
trol signals for the display. 

Jumper }Р1 selects the ICD type used: 
ІРІ open = 2xlécharacters; ІРІ 
closed = 1x40-characters. The contrast 
on the LCD is adjusted with preset P1. 
Voltage regulator IC3 allows the de- 
coder to be powered from a supply 
voltage higher than 5 V, which may be 
available in the FM receiver. Current 
consumption of the decoder is small- 
er than 15 mA. Diode 01 acts as a 
supply reversal protection, and at 
the same time creates a an auxiliary 
bias of -0.7 V which is applied to 
the lower terminal of preset P1. The 
use of a (small) negative voltage en- 
sures that older LCDs, too, can be 
made to produce sufficient contrast. 
Because the PIC processor combines 
everything that belongs іп a com- 
puter оп a single chip, it emits only 
low interference levels, reducing the 
main sources of noise to the LCD 
connections, which should be kept 
as short as possible. Actually, that is 
why the LCD is fitted directly on to 
the decoder board 


CONSTRUCTION 
CONNECTION 

The single-sided printed circuit board 
is simple to populate. If you go for 
minimum cost, give at least the PIC an 


AND 
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supply. You will 
also need a properly working FM 
radio with ‘line’ outputs. This may be 
an FM stereo tuner or a mono radio 
with a tape recorder output. With 
most high-end FM stereo tuners, the 
multiplex signal is suppressed to the 
extent that the RDS decoder will not 
be able to detect even the smallest 
trace of it at the receiver's line out- 
puts. On most down-market FM ra- 
dios, however, as well as on many 
mono receivers with a line (tape 
recorder) output, it is definitely 
worth trying the audio outputs! With 
stereo tuners, it makes no difference 
whether you use the left or right line 
output. It is, however, essential to 
have the receiver tuned to a strong 
signal from a station of which you are 
certain it transmits RDS. 

On being switched on, the RDS 
decoder produces an identification 
which remains on the LCD until a 
valid RDS signal is detected and 
processed. The identification may be 
used to adjust the LCD contrast. 

Once a valid multiplex signal is ге- 
ceived at the input of the decoder, the 
display shows the station name, for 
example, BBC R1, almost immediately 
after the power-on ident has disap- 
peared. After a further minute or so, 
the lime also appears on the display, 
next to the station ident. When you 
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Track layout and com- 
ponent overlay of uy 


Components List 


Resistors: 

Ri -2М02 

R2 = 1kQ 

R3 = 22k2 

R4 = 4kQ7 

P1 = 10kQ preset 


Capacitors: 
C1,C2,C3,C10 = 100nF 
Са = 47nF 

СБ = 10uF 25V 

С7,С8 = 27рҒ 

C9 = 100uF 25У 

С6 = 10nF 





Inductor: 
L1 = 1004H choke 


Semiconductors: 

01 = 1N4002 

ІСІ = TDA7330 (SGS-Thomson) 

ІС2 = РІС16С84 (programmed, 
order code 966505-1) 

1С3 = 78105 


Miscellaneous: 

K1 = PCB-mount cinch socket 

K2 = LCD, 2x16 or 1x40 characters. 
Preferred type: Sharp LM16A21 
(2x16) 

КЗ = 2-way PCB terminal block, 
5mm raster 

X1 = 4.382-MHz quartz crystal 

Printed circuit board and рго- 
grammed PIC for this project: order 
code 960050-C (see page 70) 


100000000000000] О | 


are receiving a traffic information sta- 
lion, the display shows a '- (dash) at 
the far right. This changes to a ™ when 
traffic information is transmitted. 

The lower display line shows the 
radiotext (if available), which scrolls. 
Up to two messages of 64 characters 
may be transmitted. These are 
joined to give one 128-character text, 
which is displayed sequentially. 

If you are unable to achieve us- 
able results from the receiver's line 
output(s), there is no alternative but 
to locate the MPX signal inside the 
tuner, at the input of the stereo de- 
coder. As shown by the block dia- 
gram of a typical FM tuner, Fig. 5, 
this point is found near the FM de- 
modulator, where the demodulated 
FM multiplex signal ‘before de-em- 
phasis' is available. The actual point 
to tap is easily found using the re- 
Ceiver's service documentation 
and/or your oscilloscope. If have 
neither of these, it is also possible to 
find the MPX signal by trial and 
error. Starting from the receiver's 
cinch output sockets, trace the wires 
or PCB tracks that lead to the stereo 
decoder IC. Once you have located 
this IC, the first thing to do is make 
sure your are tuned to a station of 
which you are certain it transmits 
RDS. Next, carefully touch each of 
the decoder IC pins with a probe 
connected to the RDS decoder 
input. Because of the processing 
time needed by the RDS demodula- 
tor, you may have to keep the probe 








A^ 


connected at least 30seconds to 
each pin before data starts to appear 
on the display. Once the right pin is 
found, the station name is displayed 
after a short while, followed by ra- 
diotext (if transmitted). 

Having found the proper signal 
for the decoder's MPX input, the 
unit may be installed and wired per- 
manently, either inside the receiver, 
or as a set-top extension. If you 
choose to fit the decoder in the re- 
ceiver case, you will need to locate a 
suitable take-off point for the 9-V 
supply voltage. Hopefully, that is not 
too difficult to find in the receiver 
The signal connection between the 
tuner and the decoder is best made 
in thin screened cable. If the supply 
voltage is also taken from the receiv- 
er, the cable screening may be con- 
nected to ground at one side only 
the receiver side! This is necessary 
because of the polarity reversal pro- 
tection diode, D1, which would oth- 
erwise be shorted out, causing lower 
contrast on the display. 


TEST VALUES AND 
TROUBLESHOOTING 

The circuit diagram, Fig. 1, gives you 
a number of d.c. test values as well 
as points at which active signals can 
be measured. The relevant signals, 
measured on our prototype, are 
shown in Fig.3. 

While measuring the direct volt- 
ages in the circuit, you should note 
that pin marked '0' on K3 does not 
represent ground. This is actually 
at-0.7V because of diode DI 
(whose anode is at ground poten- 
tial). For measurement purposes, 
ground may be laken from, for ex- 
ample, the negative terminal of C9, 
or the cable screening terminal of 
the cinch socket. In addition to the 
operating voltage (5 V) and the ref- 
erence voltage (approx. 2.2V at 
pin2) vou may also want to mea- 
sure the logic levels at pins 14 
(RDQ) and 15 (ARI) using a digital 
multimeter. RDQ (designated QUAL 
in the datasheets) indicates the qual- 
ity of the received RDS signal. This 
pin supplies a logic high level when 
an RDS signal of sufficient quality is 
received. RDQ is low when the RDS 
input signal is too small, or missing. 
The ARI pin goes high when an ARI 
signal is being received, and low 
when only an RDS signal is avail- 
able. The level of the ARI pin in un- 
determined when neither RDS nor 
ARI is being received. In the UK, the 
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Signals at the measuring 
points indicated in the circuit 
@ je Itiplex signal; 
(a) si ти! l; 
(b) filtered 57-kHz signal; 
(c) RDS data 

) and. 


ARI system is not used. 
The signals at the other measuring 
points, A through D, are shown in 
Fig. 3: the multiplex signal (Fig. За), 
the filtered 57-КН2 signal with RDS 
and ARI (Fig. ЗЬ), the recovered bit 
clock and data signals (Fig 3c) and, fi- 
nally, the oscillator signal (Fig. 3d). 
The levels supplied by pinl4 
(RDQ/QUAL) and pin 15 (ARI) are 
easily evaluated with a multimeter 
to give a go/no-go verdict on the op- 
eration of the RDS demodulator 
chip. If the levels measured do not 
make sense, you may have hit upon 
a station that does not transmit RDS. 
If you are sure, however, that you 
are tuned to the right station, then a 
low level at the RDS output (and 
possibly at ARI also) indicates that 
the tuner either does not supply an 
MPX signal (wrong internal connec- 
tion), or the MPX signal is too small. 
The latter is unlikely, however, be- 
cause the TDA7330 boasts a sensitiv- 
ity of 1 mV for RDS signals and 3 mV 
for ARI signals (see datasheet ex- 
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tracts elsewhere in this issue). With- 
out the help of an oscilloscope, you 
may have to solve this problem by 
trying out another receiver, or find- 
ing another point in the receiver to 
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tap the unfiltered MPX signal 

When ІСІ reports an RDS signal 
(pin 14 goes high), the LC display 
should at least indicate the station 


name after a few seconds. If the 
power-on message does not appear 
at all, the first thing to check is the 
LCD contrast setting. If another dis- 
play is used than the one mentioned 
in the parts list, it could just be that 
the connections are turned 180 de- 
grees (this is the case particularly 
with older LCD models). When the 
display does not show a dark line at 


any setting of P1, and with all ICs 
removed from the decoder, you 
should simply try to reverse all con- 
nections by 180* 


When the display works all right, 
and the TDA7330 reports RDS re- 
ception at pin 14, the only remain- 
ing source of trouble is really the os- 
cillator. The oscillator signal at pin 16 
may be checked with an oscillo- 
scope, just like the signals at pin3 
(RDS data) and pin6 (RDS bit 
clock). Assuming that these signals 
are okay, and the display is working 
and the right way 
around, it is time for a thorough 
check on all solder joints and PCB 
tracks around the PIC on the board 


connected 
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Like any stereo decoder, the RDS 


demodulator/decoder has to be sup- 
plied with the stereo MPX (multiplex) 
signal, which is available at the output 


of the receiver's FM demodulator. 


may be damaged electrically, which 
may be ascertained by exchanging 
the device, Although it rarely hap- 
pens in practice, it can not be ruled 
out that the CMOS controller has 
become the victim of a static dis- 





For further reading: 
Radio Data System (RDS) decod 
Elektor Electronics May 1989. 
Radio Data Systems, Elektor Blaci 
July/August 1991, 
Radio Data System (RDS) decoder, Elektor 
Electronics February 1991, ‘ 
nodulator with integrated filter, - 
Elektor Electronics October 1992, 
Radio Data System (RDS) decoder, 
Electronics May 1993, 


If you can't find an error, the PIC 


Radio Data System (RDS) infor- 
mation has been transmitted by 
many VHF-FM radio stations 
Since 1988. RDS signals are 
conveyed at a subcarrier fre- 
quency of 57 kHz. This tre- 


RADIO DATA SYSTEM. 


quency is phase-locked to the pilot carrier of 19 kHz 
(3X19 kHz = 57 kHz). Figure 1 shows the theoretical fre- 
quency spectrum of the multiplex signal as transmitted by 
à VHF-FM radio station broadcasting RDS. RDS data is 
modulated using a technique known as double-sideband 
suppressed carrier (DSSC), which results in two clearly 
visible sidebands whose bandwidth is roughly equal to 
the binary RDS data rate of 1187.5 bits per second 
(baud). The bit clock is recovered from the subcarrier by 
dividing it by 48. That also explains why a frequency of 
1187.5 Hz is available at the clock output (RDCL, pin 12) 
of the RDS demodulator ІС TDA7330, provided, of 
course, a valid RDS signal is being received. 





Basically, the RDS signal consists of binary data which 
are transmitted serially. This data is organized in 
blocks of 26 bits each. Each block contains a 16-bit 
dataword and a 10-bit checkword (Fig. 2a). The high 
redundancy of the checkword affords security of the 
data even under very adverse receiving conditions 
such as in a moving car. Four 26-bit blocks together 
form a 104-bit group. In a group, the blocks are sim- 
ply identified by their order, i.e., Block 1 through 
Block 4 (Fig. 2b). Blocks and groups are transmitted 
continuously, so that the transmission time per group 
equals 87.5 ms at the above mentioned baudrate. 
Each RDS group is of a certain type. RDS supports 15 
group types. The following information is contained in 
all groups: programme identification (PI), programme 
type (PTY) and traffic (TP). The rest of the information 
conveyed in the group is variable, and depends on the 
group type. 

The information type list is long, and extends from 
data/clock info (Type 4 Group), through internal infor- 
mation on the radio station (Type 6 Group), right up to 
a transparent data channel (TDC, Type5 Group) 
which is intended to convey small computer pro- 


charge or overheating. 











Radio Data System (RDS) decoder, Ele! 


(960050) Electronics 






































grams or even GPS correction data. 
The Radiotext (RT) as displayed by the present decoder 
is contained in type-2 groups, and consists of up to 
64 characters which supply any information the broad- 
casters feel free to throw at you, usually related to the 
currently transmitted programme. RT supports spaces, 
enabling the text to be easily read from a 2x32 display. 
In principle, it is also possible to transmit texts of any length 
in successive lines (64-character chunks). In practice, 
however, that is rarely done. Apart from the low transmis- 
sion rate that can be achieved (no more than about 
20characters per second, provided every alternate 
group contains RT), the main objection against using 
long texts is probably that the broadcasters are paintully 
aware of the relatively low number of people who are 
willing and able to receive and read radiotext. Hopefully, 
that situation changes for the better following the publi- 

cation of this article. i 








"ана 
5 ® 23 за s вт (КН 
вво209-1-11 








© 
ame CIN к о: жыга 
H ЕН heck word — E 
1 dataword ЕҢ check word $ 


ROS -Block 16+10 = 26bits 880209-1- 155 








16+10bit 


RDS group 4x 26 = 104 bits 


16+10bit 16+10bit 16+10bit 





88020941156 





Elektor Electronics 












Ап ordinary PC with а 
16-bit sound card is 
turned into an excellent 
audio-frequency mea- 
suring system, at a very 
small outlay, just by 
running some clever 
software. Applications 
of the PC-controlled AF 
analyser include mea- 
suring frequency and 
phase response of 
amplifiers, filters and, in 
particular, loudspeaker 
cross-overs. But that’s 
not all because the 
analyser also enables 
you to determine the 
impedance of loud- 
speakers, the induc- 
tance of coils, or the 
capacitance of capaci- 
tors. A noticeable fea- 
ture of the analyser is 
its wide measuring 
range, for instance, 
from 50 uH to 100 uH 
for inductors, and 

100 pF to 100,000 uF 
for capacitors. 


Software by Dr. M. Ohsmann} 





Just 

think of it: a state-of-the- 
art sound card like the Soundblaster 
16 VE will set you back less than 
70 pounds, yet it contains, among 
others, a stereo 16-bit analogue-to- 
digital converter (ADC) for 44-kHz 
sampling, as well as an FM synthe- 
sizer chip capable of generating 
complex waveforms. No wonder 
you may want to make all this high- 
tech stuff do a bit more than pri 
duce PC game noises of the whi 
bang class. One such ‘serious’ appli- 
cation which is of special interest to 
electronics engineers and hobb 
alike is the versatile AF analyse 
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ЙШЕМЧ ШЕМ 
software 





tion 
described in this two- 
part article. This first part deals with 
the main possibilities of the mea- 
while next 
month's second and final part tack- 
les the operation of the software de- 
veloped for the project. It will also 
discuss a small add-on box for mea- 
surements, The box contains a cou- 


surement system, 


ple of resistors and switches, and 
turns the PC in a multi-purpose im- 
pedance measuring station. 


FOR EXAMPLE 


То begin with, the main technical fea- 
tures of the analyser system will be 
discussed by means of a couple of ex- 
amples. 
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Frequency response of an amplifier 
The graph in Fig. 1 is the result of a 
measurement performed on the 
audio power amplifier in a low-cost 
car radio. A non-reactive load was 
driven. The frequency response was 
recorded over a range from 20 Hz to 
20 kHz. It is seen that frequencies 
around 100 Hz get an extra ‘boost’. 
The 'bass' control was turned up for 
this measurement. Clearly, the fre- 
quency response starts to drop at 
about 5 kHz. The phase response is 
not very linear either. 


Impedance graph of a loudspeaker 
The results of an impedance mea- 
surement on a loudspeaker system 
are shown by the graphs in Fig. 2. 
The measurement was performed 
on a co-axial drive unit (іге., one 
with the tweeter located centrally in 
the — woofer/midrange speaker) 
which was claimed to have a nomi- 
nal impedance of 4 Q over the fre- 
quency range from 20 Hz to 20 kHz. 
The graph shows the real part (re- 
sistance) and the imaginary part (re- 
actance) of the loudspeaker's com- 
plex impedance, The marker is set at 
122Hz, where the firs 
nance of the drive unit occurs, 
Where the real part goes through a 
maximum of about 20 Q, the imagi- 
nary part shows a zero crossing. The 





self-reso- 


second self-resonance point occurs 
at about 5kHz, where the imped- 
ance rises to nearly 7 Q. As you сап 
see, the measurement system is ca- 
pable of capturing all essential de- 
tails of an impedance response. 














Inductance measurement on an RF 
choke 

Figure 3 shows that the value of an 
RF choke rated at 40 «Н can still be 
measured with confidence, Obvious- 
ly, such a measurement calls for the 
highest frequencies the analyser is са- 
pable of producing. In the example, 
the measurement was carried out 
over a frequency range from 5 kHz to 
20kHz. The measured inductance 
(approx. 404) is shown in the top 
part of the illustration. The lower part 
shows the resistance of the choke, 
which amounts to about 19 (at a 
measurement error of about 100 mQ). 
You guessed it: the AF analyser is an 
excellent help when you have to 
wind RF coils yourself. But low-fre- 
quency coils, too, can be measured 
without problems, for example, those 
in loudspeaker filters which have val- 
ues in the milli-henry range. 
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Fig. 3. Even a 40-ЏН RF choke 
can be checked out. 
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MEASUREMENT 
OPTIONS OF 
AF ANALYSER 


Frequency response (level and phase) of 
y amplifiers 
+: filters 
loudspeaker cross-over filters 
control loops 


Impedance measurement on two-poles 
1: loudspeaker parameters 
& filter inductors 
1: (electrolytic) capacitors 
2: resistors 
input/output impedance of filters 
г inductors, even smaller than 50 uH 





MINIMUM PC 
REQUIREMENTS 
FOR 

AF ANALYSER 


PC: 


486DX-80 with VGA colour 
graphics 

16-bit SoundBlaster VE 
(Creative Labs) 

AF-Analyser program (DOS), 
published by Elektor 
Electronics 


Sound card: 


Software: 





MAIN TECHNICAL 
DATA 


Frequency range 15 Hz to 20 kHz 
> Freely selectable start/stop frequency 
Sweep: logarithmic or linear, up to 1,000 
measurement points 
»* Marker function for accurate indication 
of measured values 
vr On-line help function 
x» Readout in dB, degrees, О, F, Н (auto- 
ranging) 
1: 16 bit theoretical resolution 
т: Measures gain, phase and frequency 
response 
Impedance 
R: 1Qto1MQ 
С: 100pF to 0.1F 
L: 50uH to 0.1H 
+ Measures equivalents of two-poles 
R| |C, R| |L, R+L and A+C 














SOUNDBLASTER, 
COMPATIBLE & Со. 
The measurement software was writ- 
ten for a SoundBlaster 16 VE from 
Creative Labs. This card features 44- 
kHz 16-bit stereo sound sampling. 
The software should also run on 
100% SoundBlaster compatible 
cards, preferably those with the Cre- 
ative Labs chip set. Regrettably, 
many low-cost clones use a different 
chip set, so you are well advised to 
buy the original SoundBlaster. At a 
current street price of 70-odd 
pounds, the SoundBlaster 16 VE is a 
good investment, and should not 
‘blast’ too large a hole in your hobby 
budget! 


The software, called AF-ANALYSER, 
is available on diskette through our 
Readers Service (see page 70). AF- 
ANALYSER (АЕА.ЕХЕ) i 
install. Once you have verified that 





mple to 


the diskette you received from us is 
okay, you start by copying all files 
on the diskette into a suitably named 
subdirectory on the hard disk. Next, 
make sure that the SoundBlaster 
card is properly configured (а4дге 
DMA channel and interrupt — see 
the README.TXT file). 

Start the program from hard disk 
by typing AFA. It will first attempt 
to address the sound card. If that 
fails, an error report is produced. 
Very likely, your sound card is then 
improperly configured. Next, the 
program attempts to secure addi- 
tional DMA compatible memory of- 
fered by the operating system. If 
that fails as well, another error re- 
port is produced. In some cases, you 
may have to modify your memory 
set-up. The author uses 
system without problems on an 80- 
MHz 486DX with 4 Mbytes RAM 








he analyser 


Once the initialisation is finished, a 
picture appears on the monitor, and 
you are ready to start your first 
measurement. Incidentally, the soft- 
ware alters the settings of the mixer 
parameters used on the sound card 
The next important point to con- 
centrate on is the wiring between 
the SoundBlaster card and the mea- 
sured circuit. The connector pinouts 





gnal functions are shown іп 
Fig.4. For an initial test, connect the 
SIGN.-OUT (signal output) socket to 
a loudspeaker, and start a sweep by 
pressing the 'x' key on the key- 
board. The loudspeaker will pro- 
duce a signal whose frequency 





А” 


Тһе measurement system generates 
its test signals with the aid of the 
FM sound synthesizer chip on the 
sound card. The audio power am- 
plifier, which is also contained on 
the card, allows a peak-to-peak sig- 
nal level of about 750mV to be 
achieved across a load impedance of 
8 О. In other words, the system is 
suitable for running checks on loud- 
speakers at low power levels. The 
fact that you do not know the ab- 
solute level of the signal applied 
does not distract from the useful- 
ness of the measurement because it 
makes no difference for the mea- 
surement principle used (Ев. 5). 

The sound card having a stereo 
A-to-D converter, one channel is 
used as a reference channel which 
receives the generator signal dire 
ly. The reference channel enables the 
software to accurately measure the 
level and the phase of the generator 
signal. The generator signal is fed 
through the measured object, for in- 
stance, an amplifier or a filter, whose 
output signal is applied to the other 
channel on the sound card. 

The software uses the signals on 
the reference channel and the mea- 
surement channel to compute the 
gain or attenuation caused by the 
measured object, as well as the 
phase shift. The measurement 
makes clever use of the A-to-D con- 





verter and a phase-sensitive rectifi- 
er. A series of individual measure- 
ments is performed in the selected 
frequency range, and the result is 
displayed on the computer screen in 
the form of a plotted graph. 


The user may view two graphs at a 
time on the monitor. The parameters 
shown by the individual graphs are 
selected via the keyboard. With 
measurements on amplifiers, for ex- 
ample, it is possible to view the ac- 
tual value and the phase shift of the 
measured gain. Similarly, with im- 
pedance measurements the real and 
the imaginary parts may be dis- 
played separately, or the discrete 
values of an equivalent RL combi- 
nation. 


The measurement parameters are 
easily changed via the keyboard 
Likewise, the complete bundle of 
settings is readily stored on the hard 
disk. Finally, an on-line help function 
is available, and may be called up at 
any time to obtain a short descrip- 
tion of each available command. 
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SIGNAL GEN. 


- 





Fig. 4. Pinouts and 


connecting 
the SoundBlaster VE 
16 sound card. 


of 


YOUR FIR 
FREQUENCY RESPONSE 
MEASUREMENT 

As your first measurement object we 
suggest using an RC bandpass filter as 
shown in Fig. 6, connected to the rel- 
evant sockets on the SoundBlaster 
card (Fig. 4). The default parameters 





used by the measurement software 
are okay for this initial test. All you 
have to do is press the x key (for ех- 
ecute). That launches the frequency 


FM synthesis 
chip 


3.5-mm 
jack plug 


LINE IN 


and phase response measurements, 
the results of which appear on the 
screen after a while. 

After the measurement, the dis- 
play shows two graphs as illustrat- 
ed in Fig.7. To enable individual 
values to be read off accurately, you 
use the + and - keys to manoeuvre 
the marker. In this way you capture, 
for example, f, at 1,950 Hz, or an at- 
tenuation of -9.77 dB at the reso- 
nance point. Both values come very 





close to the theoretical ones 
By pressing the keys correspond- 


ing to the letters enclosed in square 


AF analyser 
software 





A-D converter 
reference 
channel 














Soundblaster 
speaker output 
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measured 
object 


+ 
| 


Soundblaster 
line input 


} 









43% 


A-D converter 
measurement 
channel 


16-bit soundcard 






960053 - 14 


brackets, it is possible to modify the 
relevant parameter in the software 
That may be necessary at times to 
improve the way new measure- 
ments are matched to given circum- 
stances. 

At this point you are ready to do 
any AF gain and/or phase shift mea- 
surement you like. It should be clear 
by now how the measured object is 
connected to the sound card. If nec- 
essary, an attenuator should be used 
to prevent overdriving the mea- 
sured object or the sound card. Cir- 
cuits with a low-impedance output 







graphics 













Fig. 5. Schematic rep- 
resentation of the 
measuring principle. 





LIMITS OF THE 
FREQUENCY RESPONSE 
MEASUREMENT 


No measurement result makes sense if you neglect, or do not 
know, the limits of the measurement system used. With fre- 
quency response measurements, the practical limits of the AF 
analyser are determined by a number of external conditions, 
each of which has an effect on the accuracy of the measure- 
ment. 

Although sudden irregularities like off-scale peaks in the 
graphical representation of a frequency response curve are 
sufficient warning that a serious measurement fault exists, it is 
still useful to be aware of the main problems you may 
encounter. 


= The first source of trouble may be the FM synthesizer oscilla- 
tor оп the sound card. From about 15 kHz, this oscillator 
supplies a triangular waveform instead of a sine-wave. 
This is owing to the fact that the oscillator is of the 'sam- 
pling’ type. To keep the resulting error as small as possi- 
ble, certain measures are taken by the software so that 
only the relevant basic frequency of the signal, not any of 
the harmonics, is employed for the measurement. None 
the less, results of measurements above 15 kHz should be 
taken with a pinch of salt. 


- Second problem: the A-to-D converters must not be over- 
driven. Many measurements on amplifiers will therefore 
require an attenuator pad to be inserted in the measure- 


Fig. 6. This simple RC 
aniseed is great for 6 
your first measure- 

ment with the 

analyser. 


(less than about 10 kQ) can be mea- 
sured directly. When a high-imped- 
ance output is used (more than 
10 kQ), impedance matching should 
be provided by a small preamplifi- 
er with a high-impedance input. 


NEXT MONTH 

Next month's second and last instal- 
ment of this article will guide you 
through the operation of the AF 7 
analyser software. We also present a 

small add-on box for measurements. 0.00dB 
Don't worry, the box contains only a 
handful of resistors and a switch. To- 
gether with the AF analyser hardware -12.5008 
and software, this gives you a fairly 


-6.25dB 





advanced impedance measuring in- ENIM 
strument. (960053) -25.00d8 
-31.2548 
Fig. 7. Results of a -37 5048 
frequency 
nap Atana deir tad -43.7548 
ment on the bandpass 
shown in Fig. 6. E 
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ment channel. If you look at the attenuation graph above 
the frequency response, it is safe to say that the A-D con- 
verter is probably overdriven when levels greater than 0 dB 
occur, i.e., when the signal level in the measurement chan- 
nel exceeds that in the reference channel. 


- Special attention should also be given to the input imped- 
ance of the SoundBlaster card. The fact that this input 
does not have a particularly high impedance should be 
taken into account when measuring on high-impedance 
signal sources. If necessary, insert a preamplifier with a 
high input impedance in the measurement channel. 
Obviously, the frequency response of this preamplifier may 
also be checked using the system. 


- А further limitation to keep in mind is caused by two соп- 
tending factors: one the one hand, the 16-bit resolution of 
the sound card, and on the other, the high (electrical) 
noise level which exists in a PC. Theoretically, a 16-bit 
converter achieves a signal-to-noise ratio of 95 dB at full 
drive, In а very ‘noisy’ environment such аз а РС, howev- 
er, the present analyser system can measure attenuations 
down to about 70 dB. Not a bad value, mind you, consid- 
ering that better results are almost impossible to obtain 
from simple sound cards. 


- The final sources of interference which must be mentioned 
here are stray capacitance and resistance, whose effect is 
especially noticeable with impedance measurement on RF 
components. More about this phenomenon in next 
month's concluding instalment. 
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ho is actively involved 
; and with access to 
may use his or her 
information about 
ents, technical software 
or interesting products. 
the PC you have almost 
Yt access to information 


а of a staggering size. 
e to time, however, the 
Internet user has a 
finding exactly those 
which have interesting 
n. This page in Elektor 
cs is a new regular fea- 

magazine, intended to 
you about Internet sites 
old on-line information 
interest to electronics 
enthusiasts like you. 









jonth we kick off by presenting 
ү (world-wide web) pages from 
based semiconductor manu- 
Harris Semiconductor. The ad- 
http://www.semi.harris.com 
wealth of technical literature in 
| of extensive datasheets on 
ts. It is also possible to down- 
related software, and the site con- 
‘information about recently re- 
and about-to-be-released Harris 
ts. In practice, this informa- 

















 databooks published by Har- 
the www site allows 


design engineers at Harris 
Semiconductor. 

A totally different Internet site 
is the one from HiTools Inc., 
who are also based in the 
USA. HiTools are suppliers 
and manufacturers of micro- 
processor development sys- 
tems. The www pages found 
at http:/www.hitex.com bring 
you, among others, lots of 
demo software like an 8051 
and an 80166 simulator. A 
highly interesting option of- 
fered by these pages is the 
link to the so-called Chip Di- 
rectory, which enables you to 
trace the function and origins 
of unknown components. 
The actual search operation is 
quite simple | all you have to 
do is enter the type number 
of an unknown IC, and the 
program does the rest. If 
available in the database, the 
information appears on your 
screen after a short while. 


A summary of the information 
at this www site may Бе 
found on the Development 
Tools CD-ROM. This CD-ROM 
contains a number of HTML 


(HyperText Mark-up Lan- 
guage) files which give the 
user information on 


4,000 chips and 150 manufac- 
turers. The CD-ROM also con- 
tains an 8051 and an 80166 
simulator, an 80166 debugger 
and text versions of compilers. 
A list of Frequently Asked Ques- 
tions (FAQs) about the 8051, 
68HC11 and 68k families may 
help to reduce the complexi- 
ty of developing applications 
for these processors. As a mat- 
ter of course, the Chip Directo- 
ry is also included on the CD- 
ROM. Although the CD con- 
tains an HTML browser, many 
users will prefer their own 
web browser like Netscape, 
Mosaic or Internet Explorer. 
Fortunately, that is possible! 


The author of Chip Directory is Jaap van 
Ganswijk who can be contacted at In- 
novative Design, PO. Box 3215, NL- 
2601 DE Delft, The Netherlands, tel. 
(+31) 15 2132638, fax (+31) 15 2140244. 
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Found a web site which other readers of Elek- 
tor Electronics should know about? Let us 
know the name and URL by telephon 
e-mail (elektuur@euronet.nl). If the site is in- 
deed useful and interesting 
limelight using this column. 
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new products new products new products new products 


ADVANCED STOCK CONTROL AND KITTING PROGRAM 


For the first time in a market 


dominated by large expensive 
counts-oriented packages, Num- 
ber One Systems have launched 
Stockit, a simple uncomplicated 
stock control program for the real 
world 


Drawing on the experience of en- 





gineering entrepreneurs and de- 
sign departments already using 
Number One Systems’ range of 
electronic CAD programs, Stock- 
it is designed to help smaller 
manufacturers and R&D depart- 








production plan is adopted. The 
ability to handle fractional quan- 
tities allows cable lengths, соп- 
sumables and labour to be іп- 
cluded in the calculations, Stock- 
it even р 





s enquiry sheets to 
be sent to suppliers for quota- 
tions. 

The structure of 
Stockit enables new 
users to migrate exist- 
ing systems gradually, 
one assembly at a 
The benefits of 
Stockit can be realised 


time. 


Number One 
View ^ Edit Stoo 
Part Ho 


try in mind, Stockit is equally ap- 
plicable to batch manufacture in 
many other industries. 

Priced at just £145.00, Stockit is 
far easier to use |s and cheaper 
15 than тапу accounts-based 
stock control programs intended 
for large-scale manufacture 


ystems STOCKIT 
evels 


Іш Stock 


Number One Systems, 
Harding Way, Somersham 
Road, St. Ives, Huntingdon, 
Cambs PE17 4WR. Tel. 
(01480) 461778, fax (01480) 
494042. 


Stock Control system 


Part Wo 
(for Production) 


On Order 


ments with the day-to-day prob- 
Jems of managing stock. 

Stockit is specitically tailored for 
а small to medium sized produc- 


7/8.2YELLOM 
BUILD 
BUK161-5665 
СІВЗӨӨЄТР 
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СО14ВА0ИМ 
(040 

сАви 

ох 
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quickly without wait- 
ing for every single 
part to be entered 

tion or development environ- — By maintaining ап 
up-to-date cost for 
each part, Stockit 
makes it simple to de- 
termine product man- 


ment — it is not an adaptation of 
à program originally aimed at 
lar 


countants or retailers. 


cale manufacturers, ac- 





Stockit holds complete records of шіасіш 
order values. Stockit 
can calculate a cur- 
rent stock valuation 


in a matter of sec- 


ng costs and 





parts lists, stock levels and com- 
ponent suppliers, automatically 
allocating stock when a new pro 


8888888888888888 


duction batch is required. А valu- 





able trial kitting facility allows 
different production scenarios to 
be evaluated before a definitive 


DOUBLE-SPEED 


Portable Add-ons recently intro- 
duced the launch of CD_Mobile, 
an external double-speed CD- 
ROM drive and Type-II PC Card 
Interface designed for notebook. 
With four unique 
power options (computer, mains, 
standard, or rechargeable AA bat- 
teries) the CD Mobile gives total 
flexibility of use. 
CD Mobile can be battery-pow- 
ered, it can be used anywhere, 
making it a truly portable solu- 
Чоп, 

At a retail price of £299, CD_Mo- 
bile is an inexpensive way of 
adding CD-ROM functionality to 
existing notebooks. The few note- 
books with a CD_ROM drive 
built-in tend to be prohibitively 
expensive for most users. Since an 
internal drive always draws cur- 
rent, it will place a load on the 
machine's battery; in addition, a 
built-in CD-ROM drive adds to a 
notebook's bulk. As the CD_Mo- 
bile is a separate unit, it can be un- 
plugged and the PC Card Inter- 
face removed when not in use, re- 
ducing both power consumption 
and weight. The CD. Mobile can 


computers 


Since the 








onds. 
While designed with 
the electronics indus- 
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gasily be shared amongst a group 
of users, The IDE-based interface 
is, as with all good PC Cards, fully 
host-swappable. 

The CD Mobile's CD-ROM drive 
is fully MPC2 compliant. It also 
supports Video CD and CD-i in 
addition to CD-ROM modes 1 
and 2, audio CDs, multi-session 
Photo CD, and CD-XA. 

The beautifully styled СО Mo- 
bile has a full control panel and a 
multi-function LCD screen, The 
unit can be used as a superb- 
quality personal CD player, al- 
lowing you to listen to your 





favourite album while compiling. 
а spread-sheet on the train. The 
CD-Mobile may 
with recent in-car stereo systems. 
that feature a line input, or any 
cassette/radio if 


also be used 


a commonly 
available adaptor is used. 


Portable Add-Ons (UK) Ltd., 
Surrey Technology Centre, 
40 Оссат Road, Guildford 
GU2 5YH. Tel. (01483) 
440777, fax (01483) 452304, 
e-mail: 
cbrooksGportable.co.uk. 
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Adjusting a satellite TV 
dish is often com- ІП 
pared to finding a 


needle in a haystack. 
Although the coarse 
setting of the dish is 
fairly easy to find by 
looking at the direc- 
tion of nearby dishes 
in the street, you may 
need a lot of patience, 
mechanical twid- 
dling and shouting 
to and from the 
TV room before 
the first pictures 

appear. The prob- 
lems are often 
aggravated by the 
fact that you are 
standing on a ladder 
or ‘dangling’ from a 
balcony. The instru- 
ment described here 
is simply connected to 
the LNC output, and 
does away with the 
need to actually see and construction have 
the received picture. brought satellite TV reception to the 
All you have to do is vice prc by С остона рне 

watch the needle Of a seek professional help when it comes same quality of reception 

Moving coil meter, татына THE VARIABLES 
and peak the dish satellite TV kit, it is great fun, and in- Getting tuned to those exciting satel- 
adjustments for the structive, too, to tackle the ЛЫС lite TV channels is all 8 matter of elim- 
= б yourself. The dishes for today's most inating unknown variables. To prove 
highest reading. popular TV satellites, Eutelsat and Һе general concept that 0.1% infor- 
Battery-powered and Astra, have a diameter between 50 апа mation is ‘somewhere’, hidden in 
ШЕН ылы tu the pont ches cae) Hat of tinge we do not know 

eremue А рег ана consequens When We чара the box 


ly, much more difficult to erect and 
- point at the satellite. The techno- Q1. Receiver tuning: you may be at 


BESSER MARE logical advances made in LNC de- “алу frequency between 950 MHz 
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апа 2,000 MHz, or at ‘any’ of up to 
250 channels. 

Q2. LNC polarization: this may hor- 
izontal, vertical, left-hand. or right- 
hand circular. 

ОЗ. LNC band selection; you don’t 
know in which band you are (Eu- 
telsat/Astra/Astra-1D/DBS/Telecom). 
Q4. Re-modulator tuning: what are 
you actually receiving on your TV 
set? Note: this is not a problem if 
you are using a SCART link between 
the гесеіуег апа the TV. 

Оз. Dish position, horizontal plane 
(‘azimuth’): the theoretical range is 
180°! 

06. Dish position, vertical ('eleva- 
tion’): the theoretical range is 90°! 


Now, that looks pretty daunting. So, 
let's eliminate the variables one by 
опе. The first three points are easily 
solved by consulting satellite chan- 
nel overviews which are published 
monthly by specialized magazines 
such as What Satellite, and matching. 
the information given with that pre- 
sented in the user manual that came 
with your receiver. 


A1. Most receivers these days come 
pre-tuned.-te-Astra; Eutelsat and 
HotBird channels. If not, make sure 
уоп understand the tuning system, 
and calculate the receiver tuning 
frequency. 

А2. Make sure you know the polar- 
ization of the station (‘transponder’) 
you wish to receive 

A3. The same for the LNC band se- 
lection 

A4. Switch the satellite TV receiver 
off and on to make sure you have 
the receiver's output signal (noise, 
probably) on your TV screen. Note 
that FM noise (as supplied by the re- 
ceiver) is a little coarser or ‘grainier’ 
than AM noise which is normally 
produced by your TV set. 

А5 and Аб. These two variables are 
part and parcel of the outdoor unit, at 
least, if you have a fixed-dish system. 
Adjusting a motorized dish with a 
polar-mount actuator is best left to the 
prof onal installer, Like the LNC 
band selection, the tuning frequency 
and the polarization, the angles for 
azimuth and elevation for your loca- 
tion (Fig.1) may be found in pub- 
lished tables. In the UK, the elevation 
will be between 22° in the far North 
and about 30° in the South. There are 
also excellent computer programs 
around which do perfect az/el calcu- 
lations for any location on the globe. 
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HITTING 
THE BEAM 
Assuming that your 
receiver and TV are 
set properly, a big 
problem still exists 
in the fact that you can't see the TV 
sereen from where you are on the 
roof or balcony. So you need a helper 
and/or a pair of walkie-talkies. If nei- 
ther is available, the only solution is 
to drag the TV screen within sight. 
Apart from the obvious problems 
and perils caused by hauling even a 
portable TV set and а compact sat re- 
ceiver on to the roof, this solution 
will not necessarily give the best re- 
sults. 

When you first hit upon the beam 
transmitted by the satellite, the effect 
on the TV screen is very sudden and 
switch-like, quite unlike the more 
gradual effect you may be accustomed 
to from tuning to terrestrial television 
stations. The suddenness is caused by 
two factors: (1) the use of FM modula- 
tion and (2) the small pointing angle of 
the dish. Once the signal strength ex- 
ceeds the so-called FM detection 
threshold, the TV signal changes sud- 
denly from almost invisible to crisp 
and clear. The same with the dish 
angle: change it a little and you lose 
the picture almost instantly, although 
some 'sparklies may appear if the sig- 
nal strength is just above the threshold 
(7 to 9 dB S/N). Unfortunately, the fact 
that the picture is free from sparklies 
does not mean that you have hit upon 
the right dish position. You may be- 
come painfully aware of this during 
heavy rain or snowfall, when sparklies 
appear, and it's not Star Trek or the lat- 
est computer animation on the screen! 












SIGNAL STRENGTH 

Although the quality of the received 
picture is fine for an initial adjustment 
of the dish, you should not miss out 
on those few extra dBs which are nec- 
essary to prevent sparklies under ad- 
verse weather conditions. The only 
way to squeeze out these dBs from the 


53А 





system is to judge the signal strength 
with a dedicated meter rather than the 
TV set or monitor, Peaking the dish ad- 
justments for the highest signal 
strength as indicated by a meter will 
give you the best possible reception, 
and some headroom in case of adverse 
weather conditions. Some satellite TV 
receivers do offer a signal strength 
meter function, but it is difficult to use 
in most cases, being aimed at the pro- 
fessional installer. Alternatively, the sig- 
nal strength may be indicated by an 
on-screen horizontal bar, accessible 
through the setup menu. Unfortu- 
nately, that’s fancy stuff, and not much 
use either if you can't see the TV 
screen from the roof! 








ALL IN HAND 


The present instrument consists basi- 
cally of a two-stage high-gain amplifi- 
er and a signal rectifier, The input of 
the amplifier is connected to the LNC 
via а short length of coax cable. The 
signal strength is indicated on a classic 
moving coil meter. 

The circuit diagram of the Satel- 
lite Finder is shown in Fig.1. Let's 
first look at the power supply. The 
circuit and the LNC are powered by 
a pack of four series-connected 4.5- 
volt batteries. The 18-V battery volt- 
age is fed to the LNC via switches 
51,52 and choke L1. Most, if not all, 
currently available LNCs are capa- 
ble of operating at 18V. Whether 
that voltage selects horizontal, ver- 
tical, right-hand or left-hand circu- 
lar polarization in the LNC is large- 
ly immaterial because most satellites 
transmit enough signals in one po- 
larisation plane for the tester to de- 
tect and respond to. Do make sure, 
however, that the LNC receives the 
desired band at 18V. Note that 
switch $1 must remain closed in the 
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(rare) case of an LNB which is not 
powered via its coax output. 

The battery pack voltage also ar- 
rives at the input of a voltage regu- 
lator, IC3, which supplies a stable 
12-V rail for the amplifier blocks, IC1 
and ІС2, and the logarithmic meter 
driver, ТІ. Current consumption of 
the circuit is only about 75 mA. De- 
pending on its make, the LNC may 
draw anything between 100 тА and 
500 mA. An LED, D2, is used as an 
on/off indicator on the instrument. 

The output spectrum of most 
LNCs extends from 800MHz to 
about 2,000 MHz. The signal levels 
are generally high, given that most 
LNCs have a conversion gain in ex- 
cess of 60dB. That is still not 
enough, however, to enable a simple 
(passive) rectifier to be used in com- 
bination with a moving-coil meter. 
Hence, more gain is required, for 
which ІСІ and ІС2 are responsible. 
Each of the type MARS monolithic 
drop-in amplifiers supplies a solid 15 
to 20 dB of gain. The MARs are cas- 
caded, and operated at their typical 
supply voltage of about 7 V, which is 
applied via series resistors R5 and 
R6. Note that the supply voltage of 
IC1 is adjustable with pot P1. That is 
done to enable the gain of the first 
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amplilier to be reduced within a rea- 
sonable range to prevent overload- 
ing of the meter circuit, 


It should be noted that the MAR-8, 
unlike its family members, has an 
input and output impedance which 
is higher than 50. The actual value 
depends on the frequency. Fortu- 
nately, that is not a problem here be- 
cause of the high signal levels, and 
because the there is plenty of gain 
to compensate small mismatches. 
Low noise is not a point, either! 
More on MAR amplifiers may be 
found in the inset and in the Refer- 
ence at the end of this article, 

The rectifier is formed by a Schot- 
Жу diode, D1. If difficult to obtain, 
the HP2800 may be replaced by a 
lower-spec type such as the BAT82. 

The meter driver is conventional 
and based on a FET (T1) which en- 
sures a partly logarithmic meter re- 
sponse. The meter is nulled with pot 
Р2. Absolute readings are not in 
order, so a scale is not really neces- 
sary on the meter. All we are after is 
а well-defined peak in the meter 
reading, and that's exactly what the 
circuit will give you, provided you 
are able to point the dish at the satel- 
lite. 


A” 


BUILDING IT 

The Satellite Finder is best built on a 
small printed circuit board of which 
the design is shown in Fig. 3. Because 
the board is not available ready- 
made through the Readers services, 
you will have to make it yourself, or 
have it made, The board is double- 
sided, but not through-plated, The 
lop side of the board acls as a 
ground plane. 

It's a wonderful fact that this cir- 
cuit has no adjustable inductors or 
esoteric parts to contend with, al- 
though it operates іп the gigahertz 
frequency range. The only inductor 
in the circuit is a small choke, 1.1, 
which consists of three turns of 0.3- 
mm dia (30SWG) enamelled copper 
wire (e.c.w.) through a 3-mm long 
ferrite bead — see Fig. 4. The only 
‘problem’ with the MARs is that 
they are, well, tiny! 

The MARS are fitted at the under- 
side of the board. Check the orienta- 
tion: the dot on the device marks the 
RF input. The two electrolytic capac- 
itors, СТ and C15, are mounted about 
2 mm above the board surface to en- 
able their negative terminals to be 
soldered to the copper ground plane 
at the top side of the board. 

For proper screening, the com- 
pleted board must be fitted in a 
small metal case. The case is best 
made from a 30-mm wide strip of tin 
plate which is bent around the board 
edges (see photographs), Do not sol- 
der the seam before you have deter- 
mined the position of the 
feedthrough capacitors which аге НЕ 
ted in one of the side panels. The 
solder eye of the feedthrough ca- 
pacitor should be at the outside of 
the case. The collar is soldered all 
around to the side panel using а 
medium-power sodlering iron. De- 
pending on what you have avail- 
able, the RF input socket, КІ, is 
ther a ‘BNC’ (flange) type or an 'F' 
socket. Although the latter is cheap- 
er, it may be more difficult to get 
hold of. It is also less suitable for fre- 
quent connection and disconnection, 
so we really recommend using a 
BNC socket. You will also need to 
make a short coax cable to connect 
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the tester to the LNC. This cable has 
an F plug at the LNC side, and a 
BNC plug at the side of the tester. 
The flange of the BNC socket is ei- 
ther soldered or screwed to the tin- 
plate panel, and the centre pin is 
soldered directly on to the RF input 
pad on the board. If necessary, re- 
move the PTFE collar around the 
centre pin with a sharp knife. 

The completed tin-plate case is 
built into a diecast enclosure (which 
may also contain the battery pack). 
The front panel holds the moving- 
coil meter, the two LEDs and the 
controls (two pots and two switch- 
es). The controls are connected to 
the respective feedthrough capaci- 
tors via short wires. If an external 
battery pack is used, it is connected 
to the tester via a low-voltage d.c. 
adaptor plug and socket. 


PRACTICAL USE 

Easy, as far as the tester is con- 
cerned! Connect the tester to the 
LNC with the home-made cable. 
Flick the two switches, the LED 








should light. The meter may show 
some indication already, Check that 
the indication varies if you turn pot 
P1, Null the meter by turning pot P2 
with the LNC switched off (51). 

The meter needle will show а 
marked peak if you hit upon the 
satellite beam. Once you have found 
the initial dish position, reduce the 
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gain by turning P2, and then adjust 
the dish again. In this way, you will 
be able to obtain the best possible re- 
sults from your outdoor unit. (960041) 


Reference: 

"Using the MAR-x series of very wide- 
band monolithic microwave integrat- 
ed circuits (MMICSs)', by Joseph Carr. 
Elektor Electronics October 1992, 


Fig. 4. A close look at 
the prototype of the 
satellite finder. Notice 
the feedthrough 
capacitors and the 
small ferrite bead. 


55 


51 


К 


751 


Fig. 3. Printed circuit 
board design (board 
not available ready- 
made through the 
Readers Services). 














COMPONENTS LIST 


Resistor 
R1,R5,Rt 
A2 = 100 
R3,R4 = 3302 
А? = 4kQ7 

8 = IMQ 
R9 = 4702 
R10 = 1k 








= 1500 













470Q potentiometer 
P2 = 1kQ potentiometer 








Capacitors: 

C1 = 100uF 25V radial 

С2-С6,С16,С17 = feedthrough 
capacitor 1nF 

С11,С12,С18 = 1nF 

C7 = 10pF 

C8,C9,C10 = 3pF3 

C13 = 100nF 

C14 = 10nF 

C15 = 22иЕ 25V radial 

C19 = 2pF2 





Inductor: 

L1 = 3 turns 0.3mm dia. e.c.w. оп 
‘3mm ferrite bead 

Semiconductors; 

D1 = HP2800 or other RF Schottky 
diode (e.g. BAT82) 

р; LED 


Ті = BF245B 

ІСІ |С2 = MARS (Mini Circuits 
Laboratories) 

(СЗ = 7812 





Miscellaneous: 

Кі = antenna socket (with flange) 
(see text) 

$1,S2 = on/off switch. 

BT1 = four 4.5V batteries 

M1 = moving coil meter, 1mA 1.5.0. 
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reMARkable wideband RF amplifiers 


MAR devices from Mini Circuit Laboratories are remark- 
able because they make RF amplifier design accessible 
to anyone. MARs are cheap, easy to use and pretty fault- 
tolerant. These wonderful four-pin devices match 50-Q 
input and output impedances without external impedance 
transformation circuitry (which is normally a nightmare to 
beginners). They are basically silicon bipolar monolithic 
ICs in a two-transistor Darlington configuration, internally 
laid out for ultra-low stray inductance and capacitance. 
Depending on the exact type, the overall gain of these 
devices is typically 13 to 33 dB between d.c. and about 
2 GHz (yes!). Some types are optimized for low noise, 
others, like the MAR8, for very high gain. 


9 


Internal schematic of MAR 
amplifier, circuit symbol and 
device package. 
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In the basic circuit for a wideband amplifier based оп а 
MARx device, the RF IN and RF OUT terminals are pro- 
tected against d.c. by coupling capacitors C1 and C2. 
Also traditional is the supply decoupling consisting of a 
tantalum electrolytic capacitor (C4) and a ceramic 100- 
nF type (C3). The amplifier is powered via a series 
resistor which determines the operating voltage, as 
shown by the formula. The operating current for the 
device used may be found in the datasheets, and will 
be of the order of 40 to 80 mA. 





Generic MAR-x circuit. 
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RDS Demodulator + Filter 
TDA7330 


RF and Video 


Manufacterer: SGS-Thomson 


The TDA7330 is an RDS (Radio Data System) 
demodulator. The IC includes a 57-КНг switched 
Capacitor input band pass filter, a bit rate clock 
recovery circuit, DSB demodulator circuit, bi- 
phase PSK decoder, differential decoding cir- 
cuits, ARI identification and signal quality out- 
puts. The data and clock output signals (RDDA, 
RDCL) can be processed further by a suitable 
microprocessor. 


Absolute maximum ratings: 
Supply Voltage: TV 
Operating Temperature Range: — —40 to +85°C 


Features: 
= High-performance, stable 57-kHz filter 
<> Adjustment-free filter, 
по external components 
=> RDS demodulation 
without external components 
= ARI output (SQ indication) 
= RDS signal quality output 
 4.332-MHz quartz crystal oscillator 
(8.8664-MHz optional) 
=> Low-noise mixed bipolar/CMOS technology 


Block Diagram 





ТЕЛЕЕ ТГ 

ELECTRONICS 

DATASHEET 03/96 
Pin Connection 


Pin Name Description 
{т |MUXN [RDS input signal 





[2 [Ун — |Reference voltage 





[Non-inverting comparator input | 
Еј {smoothing filter) 
[а [FL OUT [Fiter output _ 


5 [6ND [Ground 








[8 [71 [Test output (not used) 





т |13 Test output (not used) 


8 |4 Test output (not used) 











[9 [OSC OUT | Oscillator output 





[10 [OSC IN | Oscillator input 
I 





11|77 [Test output (not used) 


12 |RDCL [RDS clock output 








[13 [RODA |805 data output 

14 [QUAL | Signal quality o = 
|, | | Output tor ARI indication 

15 [ARI | (high = ROS + ARI or ARI only, low = RDS 
| only, undefined when no signal present) 





16 [Voc бир voltage 
17 |12 | Test ot use 
[18 |FSEL [Frequency selector pin 








19 тм — Test mode pin (open = normal run, 
| [closed to VCC = Test mode) _ 
[20 [POR | Reset input for testing (active high) 






























































RF Amplifiers 
MAR-x 


RF and Video 
RF Amplifiers 


Manufacturer: Mini-Circuits 
= н ғас - 

LMini-Circuits 
The MAR-cascadable amplifier series is a family 
of silicon bipolar monolithic integrated circuits 
fabricated with nitride self-alignment, ion implan- 
tation for precise control of doping and passivi- 
sation to achieve high reliability. These devices, 
priced from below one dollar in volume quantity, 
exhibit excellent unit-to-unit uniformity and are 
ideally suited as 50-ohm amplifier building 
blocks. The MAR devices are simple to use if 
the proper board layout is used, along with 
proper grounding, biasing and steps to minimize 
parasitics. 


Mini Circuits, PO. Box 350166, Brooklyn, New 
York 11235-003. 


Applications: 

= Low-power transmitter 

= Boost signal for improved detector efficiency 
> Multi-stage amplifier chain 

= Buffer amplifier for oscillators 

= Isolator 


Features: 

=> Easy to use, 50-О input/output 

=> Smooth response over the band, no external 
resonances 

= Easy for printed-circuit designs, one input 
and one output 

= Can operate as low as 5 Мас 

z Low impedance, less susceptible to EMI 
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DATASHEET 


in | Name 








| Function 
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АЛАҒАН ГЕ Г | RES Pompi arag + Filter ELEKTOR? 
ELECTRONICS | ELECTRONICS 
RF and Video DATASHEET___03/96 i RF and Video DATASHEET___03/96 


Electrical Characteristics: Electrical characteri 
Max. Power, dBm 


Model m ET | Tamb = 95 °C. fose = 4.332 MHz, Ми = 20 mV, unless otherwise specified) 
Freq, Тур. Gain [dB] output Input ! Parameter Test Condition 
(no damage) ! 














но. Color Dol 








10% | 
brown 155 - 0 | +10 
MAR-2 | md _ 125 Г +15 
MAR-3 | orange | |7125 ч +15 
МАВ-4 | yellow +15 Centre Frequency 
MARG | white +15 N — [3-08 Bandwith 


| violet | 125 | 105 +15 бап 








Supply Voltage 
Supply Current 
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МАҢ | blue 1 3 Ee NINE +15 














Attenuation 





Max. Rating 
at 25 °C 


Ош | ![mA] | PImW] ! Phase non-inearity 
151 40 
161 | 60 
70 0 4 
21 ЕЗ Е | Input Signal 
181 50 | | 
151 60 
65 | 


Re (approx) 


+9V [*12V| +15۷ 

412 | 588 Fse = Open (internal 40-k©2-Pull-down-Resistor, 

Oscillator Frequency with 4 332-MHz-Quarz) 

280 Бы = to Vog (with 8.664-MHz-Quarz) 

A Demodulator 
505 [ROS Detection Sensitivity 
S — | ARI Detection Sensitivity 
Тик |В05 Lock time 
| Output HIGH Voltage 
| Output LOW Voltage [k= 05 mA 





























input Impedance | 
Signal to Noise Ratio [v= З ту 


9 kHz, Т3 < 40 08%“ 
57 KHz (RDS + ARI) 


| Load Impedance. Pin4 
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Resistance Pin 3-4 

























































































Calculation of Rc IC Data Rate for RDS 
Re = (Vec - Vo) 14 12) (ше аа че 








11875 

| 3l | 

where *: The phase non-linearity is defined as APh = |-2«2 + ФП + «bI3|, where «bfx is the output-input phase difference at the 

Voc: Supply voltage applied to Rc [V] frequency fx (х. 

Vg: Voltage at the supply terminal of the MMIC [V] кш = 

[К Quiescent bias current |А) | T (kHz) їз (khz) APh max. 
565 57 55 | <5 


56 57 58 | 
The dissipation of Rç is given by In inm E 57 | 595 E 






































= h Re [2] han - T 
Раз = 14286 [01 [** The 3rd harmonic (57 KHz) must be less than -40 dB with respect to input 
| sana pus gan | 
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surround-sound 
subwoofer 


Most surround- 
sound installations 
use loudspeaker 
boxes of modest 
dimensions so as to 
avoid making them 
too obtrusive for the 
usual living room. 
The consequence of 
this is a limited bass 
response, whereas 
especially the low 
frequencies can pro- 
vide impressive 
effects with a good 
surround-sound sys- 
tem. To counter this 
drawback, the bass 
response can be 
enhanced with the 
subwoofer 
described in this 
three-part article. 


Design by T. Giesberts| 


Surround sound, the popular audio 
craze of the past few years, can pro- 
vide an impressive combination of 
sound and picture when it is used іп 
conjunction with a Tv set. Good-qual- 
ity spatial sound is provided by a 
number of loudspeakers (usually five) 
located in front of and behind the lis- 
tener(s). Five loudspeakers present a 
problem, of course, in that they take 
up a lot of space in the average living 
room. To keep the space occupied by 
them to a minimum, the loudspeakers 
are often fairly small. Moreover, in 
economy-price systems, cost is impor- 
tant, too, and this also tends to keep 
the boxes small. 

Unfortunately, small loudspeaker 
boxes are detrimental to good bass re- 
production. On the surface, this may 
not seem such a terrible thing in an 
audio-visual system until it is realized 
that the low frequencies contain spa- 
tial information. Moreover, we per- 


Technical data 


300 mm (8 in), e.g. Monacor (SPH-300TC); KEF; 
Radio Shack (40-1024); Parts Express (295-240) 
660x406 x 420 тт (26x 16x 16 %s in) incl. legs 
about 65 lnet 


Drive unit 


Dimensions of box 
Volume of box 


Type of box bass reflex 
Nominal impedance 8 Q per channel 
Efficiency 88 dB W-1 m! 
Frequency range 45-105 Hz 

max 250 W per channel 


Loading 


62 


part 1 


ceive low frequencies not only via our 
ears, but also through our entire body 
and this causes good low-frequency 
reproduction to give that added feel 
ing of reality to the sound. АШ this 
makes it clear that the importance of 
low frequencies must not be underes- 
timated. 

The reproduction of low frequen- 
cies requires the displacement of large 
volumes of ай, This in turn means that 
a large low-frequency drive unit 
(woofer) should be used. But such a 
unit must be contained in a large en- 
closure to enable it to reproduce low 
frequencies effectively. And this is 
where the crux of the matter is: most 
living rooms just do not have the 
space for such a large box. 

In the subwoofer described in this 
article an attempt has been made to 
find a compromise between the con- 
tradictory requirements just outlined. 
It uses a large (300 mm) drive unit 
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housed in а modestly-sized enclosure 
of 65 1 The enclosure is designed in 
the form of a side table with the drive 
unit fitted between the legs so as to 
make it (virtually) invisible. The vol- 
ume of the enclosure is not really 
large enough for very low frequency 
reproduction, but a solution for this 
ll be published in next month's in- 

ent. This consists of an active cor- 
tion network and associated am- 
fier that bring the -3 dB point 
to 20 Hz. This article describes 
ssive version of the subwoofer 
can be used without any diffi- 
with existing apparatus. Its fre- 
range extends from about 
о 105 Hz. The upper frequen- 
the efficiency of the unit pro- 
"ood match with the (smaller) 










bwoofer may, of course, 
d with a standard stereo 


based on a 300 mm (8 in) 
-300TC drive unit, but 
such as KEF, Radio Shack 
Parts Express (295-240) 
ood performance as well, 
ОТС is a relatively inex- 
with a fairly large magnet 
а volume of around 02 L 
s make it suitable for use 
enclosure. 

speaker is to be used 
system, it should have 
\ for both channels. This 
ither two drive units or à 
vith dual voice coil should 
ach voice coil is connected 
e channels via a suitable fil- 
ent design uses the latter 
ince the use of two drive 
Id make the box unneces- 










alignment of the enclosure is 
ed with the simulation рго- 
calc, and aims to arrive at a 

romise between a (relatively) 

volume and a low -3 dB point. 
lis results in a 65 | box with the pipe 
stical resonator) tuned to 23 Hz. 
overall frequency response is 
sl in Fig. 1. The -3 dB point is at. 
45 Hz, which, considering the small 
Бох volume, is pretty good. The -3 АВ 
point is low enough to allow the sub- 
woofer to be used as a passive unit 
with most existing systems. 
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THE FILTER 
Since the design aims 
at keeping the costs as 
low as feasible, the 
(passive) filter has been kept as simple 
as possible, which, in the case of a sub- 
woofer, is not as easy as it may seem. 
The impedance characteristic of the 
drive unit is shown іп Fig. 2. The two 
voice coils are connected in parallel to 
obtain a reliable curve (which means 
that for each coil double the imped- 
ance value must be taken), The curve 
shows two peaks, The lower one at 
about 10 Hz results from the bass ге- 
flex alignment (which, by the way, is 
exactly in line with the 23 Hz res- 
опаот). The second peak, just above 
50 Hz, is caused by the resonance fre- 
quency of the drive unit in the box. 
Normally, filtering 
of a subwoofer starts at 
around 100 Hz or 
slightly lower to ensure 
good matching with 
the standard stereo 

















АН SPL/volts (0.30 pct) 


100.0 
log Frequency - Hz 


loudspeakers. А passive 
filter, however, has the 
drawback that it func- 
tions properly only if it 
is terminated into a pure resistance. If 
the cut-off point were chosen at 
100 Hz, the 52 Hz peak would create а 
problem: the resulting overall curve of 
а theoretically computed filter would 
not be usable. To solve this problem, 
the impedance curve of the drive unit 
has to be corrected. This is often ef- 
fected by connecting parallel across its 
terminals (for each channel) an RLC 
network with the same resonant fre- 
quency. Unfortunately, at such low fre- 
quencies, the values of the necessary 
inductors and capacitors are such that 
they result in physically large (and ex- 
pensive) components. 

The solution in the 
present design consists 
simply of shunting the 
voice coil with a resistor. 
This does not totally 
eradicate the peaks, but 


960038 - 11 


960038 - 12 


flattens them suffi- 








adapted às appropriate) 
The box consists of six т 
langular sheets and a stiff- 
ening crosspiece which are 
firmly fixed together with a 
suitable heavy-duty glue. 

At one side are the 
apertures for the drive unit 
and acoustical resonator. 
The resonator consists of a 
365 long piece of 
80 mm dia. PVC pipe avail- 
able from a builders mer- 
chant. 








mm 


ciently to enable a Resistor R2 corrects The four banana 
simulation pro- Tnm wjance curve; sockets for connecting the 
sram—Calsod— Mieter CI provide Cables from the amplifier are 
correcting the fil- slope of 12 dB per fitted at the bottom of the 
ter such that ils octave and a high cut- one of the side panels. 

irequency re- off point at about The box is designed 
sponse is close to 705 На. to rest on four 50 mm high 


requirements. 

To keep the number of components 
small, the filter is a second-order type 
consisting of conductor Ly and capac- 
itor C, (see ЕН 
ries with the capacitor damps the LC 
circuit to some extent. The effect of the 
filler is shown in Fig. 4. Although the 
high cut-off point is about 105 Hz, the 
response will ensure a ood match to 
most small loudspeakers. 


3). The resistor in se- 





BUILDING THE BOX 





legs with the drive unit fit- 
ted at the bottom facing the floor of 
the living room. 

After the glue has dried thorough- 
ly and the material has been sand-pa- 
pered, the box can be given a final coat 
to individual taste. 

The box is half filled (up to the 
cross piece) with suitable loudspeaker 
wadding, but take care that the open- 
ing of the pipe remains reasonably free 
of it 

The filter components are available 
from a specialist audio/hi-fi retailer or 





























Note that some retailers stack general- 
purpose filter boards, 

Screw the completed filter into the 
box and wire it up as shown. Take care 
not to interchange the plus and minus 
connections to the two channels. The 
cables to the drive unit must be termi- 
nated into cable clips to avoid the пе- 
cessity of having to solder to the drive 
unit terminals. 

Place the resonator in position, 
make the connections to the drive unit 
(make sure that the connections to the 
+ terminals match, otherwise the 
drive unit does not work). Finally, 
place а strip of draught-excluding tape 
under the rim of the drive unit and 
screw the unit to the box. 

Some constructors (or their wives) 
тау find it aesthetically pleasing, to 
place a sheet of glass, marble or simi- 
lar material on top of the box to give it 
the look of a side table. 

The passive subwoofer is then 
ready for use. It may be connected in 
parallel with the existing stereo speak- 
ers, It will work most satisfactorily 
when its efficiency of about 
88 dB W-! mr! corresponds roughly to 
that of the existing loudspeakers and 
it is placed in close proximity to these. 
Note that if you want the active ver- 
sion, which will be described next 
month, you do not need the passive 
filter; the box remains the same. 





The prototype box is made from а good electronics shop, The inductor кми, 
28 mm thick medium-density chip- isa 15 mH type with а 56 mm ferrite 
board (MDF), but, as in some cases it core, preferably an HQ56 from IT. The 
may not be possi- capacitor is a bipolar type 
ble to obtain this, Fig. 4. The frequency with smooth terminals. 
22mm thick chip- — response of the loud- The filler compo- 
board may be  SBeakerand uis nents may be glued to а 
used (note that the Come | small sheet of wood,chip- 
dimensions in Fig, | CASHES board, or prototyping board 
5 matching to most 1 
5 must then be — smaller stereo loud- and then wired together, 
4 iramster runction rag - du atL/vo!ts 40.30 ост) 
" 
оф i i 
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During the design of the loudspeaker, а thor- 
ough search was made for a 300 mm drive 
unit at a reasonable price (to keep total costs 
down to not more than £ 80-90). Of course, 
such an economy-price unit cannot be expect- 
ed to be perfect. And, indeed, in the testing of 
the SPH-300TC unit, it appeared that the para- 
meters stated by the manufacturer did not 
agree with our own measurements. 
Fortunately, the deviations were beneficial to 
the box dimensions. Also, there was a kind of 
rustling noise at large cone movements. This 
was suspected in the first instance to be 
caused by a loose cone or air leak, but a sec- 
ond example exhibited exactly the same noise. 
A detailed investigation showed that the dust 
hood in the cone (the convex cap that closes 
the upper side of the cone) was the culprit. Its 
material is fairly soft, so that at large cone 
movements it begins to vibrate at its own 
(higher) frequency and thus causes the 
rustling noise. This deficiency is easily negat- 
ed by spraying the dust hood a couple of 
times with a suitable plastic spray or applying 
a few layers of a suitable cone impregnator. 
This makes the cap more rigid so that it is not 
set into vibration at large cone movements. 

The Parts Express unit appears to be rather 
more rugged than the Radio Shack and is 
rather cheaper. 





Drive unit revisited 
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Letters 


Component availability 
Dear Editor— recently decided 
to build a decent hi-fi amplifier 
and chose a design by Mr 
Giesberts (September 1995). | 
have several problems which 
need to be resolved which, | 
feel, should not have arisen in 
a magazine for the amateur 
constructor who would have а 
limited number of sources for 
components. 

1. 10000 Е 50 V capacitors. 
The се layout requires a 

30 mm dia. component (a 

35 mm dia. type will foul other 
components on the рев, but is 
more commonly available 

After much searching, | found 
three manufacturers: Elna, 
Dubilier and Rubycon. The dis- 
tributors for Eina seem to stock 
only the 35 mm dia, size 
(although Elna do both 80 mm 
апа 35 тт); the Dubilier item 
requires a £250 minimum 
order The Rubycon items are 
stocked by C&CD of Lane End, 
Bucks (01494 882848), part 
nos 50USP10000MC40 

(40 mm long and 5.02 A ripple) 
and 50MXR10000MC50. 

(50 mm long and 4.05 А rip- 
ple). Note that the professional 
Maplin catalogue advertises. a 
30 mm item, but this is a typo: 
it should Бе 35 mm. 

2. GBT output devices. These 
transistors are single source 
from Toshiba and are not com- 
monly stocked by their tran- 
chised distributors. A non-fran- 
chised distributor, Steatite: 
(0121 643 6333, contact Jenny 
Skinner) is the only stockist in 
the UK according to Toshiba. 
3. E96 resistors. Are some of 
the designs by Mr Giesberts so 
critical that only resistors from 
the E96 range can be used? 
May | refer to Lindsey-Hood, 
Douglas Зен, Bengt Olsen, ef 
al, whose state-of-the-art hi-fi 
amplifier design (EWW) seems 
only to use the E24 range of 
resistors 

4. Fischer SK84 heat sink. 
The parts list states that the 
thermal characteristic of the 
heat sink required is 0.6 К W-1 
The photograph in the Sept. 95 
article shows а heat sink where. 


the height is half the width of 
&bout 75 mm. In the Fischer 
catalogue No. 12, page А21, 
the graph clearly shows that for 
8 Stock length of 75 mm the 
thermal characteristic is about 
1.15 K W1. Which is correct, 
0.6K W- or 1.15 K W1? 

5. Screw terminals. Where, 
oh where, does one get the Pos 
mounted screw terminals on 
the main amplifier pce tor the 
‘supply and speaker leads in 
the ик? 

6. Single or twin power 
‘supply? It is surprising that 
consideration has not been 
given to the power supply соп- 
struction and ratings with a 
suitably rated Pce (twice the 
current and twice the number 
of reservoir capacitors?) for a 
stereo unit 

7. Terminal pin hole size. 
What size are the holes for the 
terminal pins which are used 
for connecting wires to and 
trom the ғов? The holes used 
are too large for commonly 
available (Vero) pins Which are 
normally 1.04 mm. Where сап | 
source the correct size push-ht 
pin? 

8, Tone controls. | recently 
enquired abut tone control cir- 
cuits for use with this amplifier 
and received the curt reply that 
tone controls are ‘out’ as: 
though they re some fashion 
accessory and are no used in 
real’ hi-fi amplifiers. Firstly, | 
(ап по doubt many other 
readers) still have older record- 
ings which need judicious 
adjustment of the bass d treble 
response to compensate for 
the poor quality recording, 
Secondly, | do not have a spe- 
cially laid-out ‘listening room’, 
but a small living room in which 
anything larger than my кегі01 
loudspeaker would be out of 
place. Thirdly, | am in my late 
fifties and in common with 
everyone (younger hi-fi purists, 
please note), my hearing 
frequency range has reduced 
as | have got older, so | do 
sometimes need to ‘tweak’ the 
treble a little bit. Fourthly, the 
statement that tone controls 
are not part of the hi-fi scene is 
based on the assumption that 
the recording engineer has car- 
ried out his/her task to perfec 


AU 


tion and that the equipment 
used in the studio is beyond 
reproach. Last, but not least, | 
object strongly to some hi-fi fol- 
lower of fashion telling me how 
| should listen to my(mostly 
classical and some n&s)music! 
By the way, it would be a fal- 
lacy to assume that reduced 
hearing frequency range 
equates to reduced sensitivity 
to distortion. 

| feel that information on the 
sourcing of suitable сотро- 
nents in the Ux is sadly lacking. 
The assumption by the conti- 
nentals that the hobbyist in the 
ик has access to instant Knowl- 
edge of where to get any com- 
ponent dreamt up by the 
designer seems not lar short of 
arrogance. 

I feel that Elektor Elec- 
Ironics should set the standard 
here by issuing guidelines to 
contributors to use сотро- 
nents that are commonly avail- 
able world-wide. The magazine 
could suggest that designers 
only. choose components from 
a list of Elektor Electronics 
defined distributors that are 
available for the hobbyist both 
оп the Continent, in the ик and 
in the usa, and that specialist 
components are source identi- 
fied by the contributor. 


[Alan Beaman, Bracknell] 


182. Many electronics retail- 
ers, including our own advertis- 
ers. are provided with а pre- 
view, incl. parts list, of Ihe mag- 
azine content about three 
weeks belore Ihe publishing 
dala of the magazine to enable 
them to oblain stock of parts 
used, The preview states the 
manutacturer or olher source of 
any less common device. 

Mr Giesberts. comments as tol- 
lows: 

3. "When matched transistors 
are used, 1% tolerance compo- 
пепіз are necessary, olherwise 
the use of matched compo- 
nents would make no sense. 
The E24 range is, theoretically, 
а 2%-tolerance series: In prac- 
tice, however, E96 will be sup- 
plied even if the same value is 
found in the E12 series. It is 
true thal 1% resistors тау be 
found in the E24 series. Џпѓог- 


tunately, kits often contain 5% 
types, obviously since these 
are cheaper It is always possi- 
ble to use E24 types even 1 
E96 types are specified as long 
as one is prepared to accept a 
slight degradation of quality" 

4. "In Fischer catalogues up to 
1993, a wrong graph was 
printed with the data for the 
зк85 heat sink. From the 1994 
catalogues onwards, it is stated 
that ап 5к85 heal sink is 75 mm 
high and has a thermal resist- 
ance of about 1.2 K W°!. The 
Ву, value indicated in our parts 
list Should have corresponded 
to that value. In practice, a dou- 
bled thermal resistance dos no 
harm, because the design is 
based оп a worst-case situa- 
lion. Nevertheless, И is recom- 
mended to use a heat sink that 
meets the specified thermal 
resistance rating’. 

5. "А possible solution, better 
than the original one, Îs to ter- 
minate the cable into a cable 
eye and secure it with a screw 
directly at the copper side” 

6. "То prevent earthing loops 
(which cause hum), а топо 
supply is recommended. For 
anyone who is after quality, the 
possible crass-effects that а 
stereo supply may have on the 
two channels, the wiring (a 
'star’ configuration is not ideal) 
and particularly the radiation of 
the supply cables are good 
reasons to make use of amono 
supply. In fact, itis better to 
build two mono amplifiers ". 

7. "It is better lo make use of 
soldering eyelets, which пог- 
mally have a wedge". 

Finally, we apologize lor the 
curt reply you got to your query 
on tone controls. We fully share 
your leelings that in many 
cases fone controls are not 
only required, but are essential, 
Nevertheless, some amplifiers 
we publish have no tone соп- 
trol and these are aimed espe- 
cially at readers who do not 
feel a tone control is necessary, 

[Editor] 


Electronic magazines 
Dear Editor—By all means 
make your publication avail- 
able 'electronically' for the 
апогак wearing minority (‘Let- 
ters’ = F R Fattori, Dec 1995). 
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But please continue to present 
it properly for those of us who 
still live on the surtace of the 
planet. 

It is one thing to read a let 
ter on screen. Reading a tech- 
nical article, where it is necess- 
ary to frequently refer to differ- 
ent pages as one proceeds is 
quite another. The only feasible 
way to read an electronic ver- 
sion of a magazine such as 
yours would be to first print out 
the whole thing! In which case 
it might as well be on the more 
flexible medium in the first 
place. 

| suspect that the demise of 
glossy magazines |5 as far off 
as the long predicted paper- 
less office - which is still further 
off than it was when paper was 
the only possibility, Neverthe- 
less, | write (with word proces- 
sor, of course - but on paper) 
just in case you are tempted. 

A. Jaques, Manchester 


We entirely agree with you that 
the ‘electronic paper' and 
‘electronic magazine’ are a 
jong way off and even then they 
will remain adjuncts to the теа! 
thing’. A pointer to this is that 
paper usage, in spile of steeply 
rising prices has more than 
quadrupled over the past 
twenty years. 

[Editor] 


Mediocrity ... 
Dear Editor—Your new front 
cover will not compensate for 
your mediocrity in technology. 
Anonymus, Bradford 


And excellence ... 
Dear Editor—Thank you for a 
very informative magazine. If it 
were not for you, | would not 
be a electromedical technician. 
I have gained a lot of knowl- 
edge trom your excellent mag- 
azine 
Anton Garstens, Capetown 


PIC Programmer 
Dear Editor—ts there any inten- 
tion in future to provide a soft- 
ware/hardware upgrade for the 
Pic Programmer that I have 
constructed from your March 
1994 issue. 
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The problem that I have 5 
that all my work so far has 
been using 16C54s with which 
1 have no problems іп pro- 
gramming (except that | initially 
received а 17C42 тот one of 
your dodgy batches supplied 
with the Рев | ordered). 

1 still have not found an 
advertisement for LTP, the com- 
pany referred to in the article 
who supply the DB3 enclosure. 
J, Palmer, Burton-on-Trent 


There аге no plans (yel) for 
upgrades of the Pic Program- 
mer, but the one you built may 
be modified to enable 
Р!С16С71 devices to be pro- 
grammed by connecting a 
100 КО resistor between ріп 18 
of U, and ground. 
The address of LTP is 

La Tolerie Plastique, 2.1. Route 
d'Etretat, F-76930, Octeville- 
sur-Mer, France. 
Telephone --33 35 449 292 
Fax +33 35 449 599. 

[Editor] 


SmartCards 
Dear Editor—l am a student 
laking à B.Eng (Hons) Com- 
bined Technologies (Microelec- 
tronics) course. | am engaged 
in a major project involving the 
(possible) use of SmartCards. 1 
should be grateful if you would 
supply me with information 
relating the card reader in 
Fig: 7, p. 17, of your April 95 
issue. 
S. Davey. Braintree 


The SmartCard reader relerred 
to is produced by ITT Cannon 
It should be available from the 
distributor, Avnet Time, Jubilee 
House, Jubilee Road, Letch- 
worth, Herts 566 10H 
Telephone 01462 484444. 
Fax 01462 488646. 

[Editor] 








Construction guidelines 


Elektor Electronics (Publishing) does not provide parts and 
components other than rcas, front panel foils and software on 
diskette or ic (not necessarily for all projects). Components are 
usually available from a number of retailers—see the adverts in 
the magazine. 


Large and small values of components are indicated by 
means of one of the following prefixes 
E (exa) = 1018 а (atto) = 10-18 









P (peta) = 1015 f (femto) = 10 15 
T (tera) = 1012 p (pico) = 1012 
G (giga) = 109 n (nano) = 109 
M (mega) = 108 p (тето) = 10-6 
К (kilo) = 103 m (тїї = 103 
h)hecto) = 102 c (centi) = 10-2 
da (deca) — 10! d (deci) = 10-1 





In some circuit diagrams, to avoid confusion, but contrary to 
„ЕС and Bs recommendations, the value of components is given 
by substituting the relevant prefix for the decimal point. For 
example, 

ко = 3.9 ко; AUT = 4.7 pF: 
Unless otherwise indicated, the tolerance of resistors is #5% 
and their rating is 14-15 watt. The working voltage af capacitors 
is250V. 


The value of a resistor is indicated by a colour code as follows 
colour  1stdigi 2nd digit mult. factor tolerance 
black = - 

brown 
red 
orange 
yellow 
green 
blue 
violet 
grey 
white 
gold 
silver = 
none - - - 


x10! 
xq 
x10 - 
хин - 
x15 
10" 





т 00-0024om- 
| өз-аольом-о 





Examples: 
brown-red-brown-gold = 120 0, +5% 
yellow-violet-orange-brown = 47 КО, 51% 


In populating a pcs, always start with the smallest passive 
components, that is, wire bridges, resistors and small capaci- 
tors; and then the ic sockets, relays, electrolytic and other large 
capacitors, and connectors. Vulnerable semiconductors and 
ics should be done last. 


Soldering. Use a 15-30 W soldering iron with a fine tip and tin 
with a resin core (60/40). Insert the terminals of components 
Into the correct holes іп the board, bend them slightly, cut them 
short, and solder: wait 1-2 seconds for the tin to flow smoothly 
and remove the iron. Do not overheat, particularly when solder- 
ing Ics and semiconductors. Unsoldering is best done with a 
suction iron or special unsoldering braid. 


Faultfinding. If the circuit does not work, carefully compare the 
populated board with the published component layout and 
parts list. Are all components in the correct position? Has cor- 
rect polarity been observed? Have the power lines been 
reversed? Are all solder joints sound? Have any wire bridges 
been forgotten? 

If voltage levels have been given on the circuit diagram, do 
those measured on (пе board match them—nole that дема- 
tions of up to +10% from the specified values are acceptable. 


Possible corrections to published projects are published from 
time to time in this magazine. Also, the readers letters column 
often contains useful comments/additions to the published pro- 
jects. 
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EMC GUIDELINES 


мс directive 
From 1 January 1996, home-made equipment must 
lake into account Exc Directive В9/336/БЕС [EMC = 
ElectroMagnetic Compatibility). Basically, the direc- 
live states that по equipment may cause. or be sus- 
veptible to, external interference. Here, interference 
means many phenomena, such as electromagnetic 

elds, static discharge, mains pollution in the widest 
sense of the word. 











Legislation 

Home-made equipment may be taken into use only 
when it is certain that It complies with the directive. 
In the United Kingdom, the оп (Department of Trade 
and Industry) will, in general. only (аке action 
aginst offenders when a complaint has been made. 
If the equipment appears not to comply with the di 
rective, the constructor may be sued for damages. 


Elektor Electronics and the Directive 

The publishers of Elektor Electronics intend that de- 
шая published in the magazine comply with the di 
rective. Where necessary, additional guidelines will 
be given In the article. However, the publishers are 
neither obliged to do во. nor can they be held liable 
for any consequences if the constructed design does 
mit comply with the directive. This column gives a 
number of measures that can be taken to ensure 
(hat BE-designed equipment complies with the di 
Tective, However, these are needed only in some de 
signs, Other measures, particularly in case of audio 
eqlipment, are not new and have been applied for 
some time. 











се label 
Home constructors need not affix a се 
label to their equipment, 




















Why кмс? 

Тие important Jong-term benefit for the user із that 
ill electrical and electronic equipment in a domestic, 
business and industrial environment can work har: 
Moniously together, 





Radiation 

"The best known form of emc is radiation that is emit 
іні spuriously by an apparatus, either through its 
tase or its cabling. Apart from limiting such radia 
tion, the directive also requires that the apparatus 
(бе not impart spurious energy to the mains—not 
беп In the low-frequency range. 

















o Immunity 
The requirements regarding immunity of an equip. 
| пей (o еме are new. Within certain limits of ambient 
Jnterierenie, the apparatus must be able to continu 
Working faultlessly, The requirements are fairly ex 
imsive and extend to a wide range of possible 
sources of interference 











Computers 

Computers form (he prime group for application of 
Ihe directive. They, and microprocessors, are notori 
ous sources of interfering radiation. Moreover, owing 
lo the way in which their internal instructions are 
atried out sequentially. they are also very sensitive 
it interference. The notorious crash is bul one mant 
festation of this 














ide computer s 





‘stem can comply with the 
ue directive only If it is housed in а metal enclosure, 
Aminimum requirement із that the underside and 
rear of the enclosure is an L-shaped frame. All ca- 
bling must converge on this area or be filtered. If 
there are connectors on the front panel, a U-shaped 
metal frame should be jd. 

Even better results are obtained ifa 20 mm 















ge ә 


Ferte through-filters as illustrated are used lor feeding 
cables through a panel 
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wide, 1 mm thick copper strip із fixed along the 
whole width of the rear wall with screws at 50 mm 
intervals. The strip should have solder lags al regu- 
lar distances for use as earthing points. 

A closed case із, of course, better than an 
L-shaped or u-shaped frame. It 15 important that all 
its seams are immune to radiation ingre 











Power supplies 
In any mains power supply, account should be taken 
of incoming and outgoing interference. It is good 
practice to use a standard mains filler whose metal 
case is in direct contact electrical contact with the 
enclosure or metal frame. Such a filter is not easily 
built at home. It is advisable to buy one with integral 
mains entry, fuse holder and on/off switch. This also 
benefits electrical safety in general. Make sure that 
the primary of the filter is terminated into its charac 
teristic impedance—normally а series network ol a 
50 0, 1 W resistor and a 10 nF, 250 V capacitor. 

Mains transformers must be provided with 
Ac-networks at the primary and secondary side 
Bridge rectifiers must be filtered by nc-networks. The 
peak charging current into the reservoir capacitor 
must be limited by the internal resistance of the 
transformer or by additional series resistors. It is ad- 
visable to use а 250 V, 2 W varistor between the live 
and neutral mains lines. At the secondary side, it is 
sometimes necessary to use a transient suppressor, 
preferably following (Не reservoir capacitor. 

If the supply is used with digital systems. a com- 
mon-mode inductor in the secondary a.c. lines may 
prove beneficial for limiting radiation. For audio ap- 
plications, an earth screen between primary and sec- 
ondary is advisable. This sereen must be linked via a 
short wire with the earthing strip. 

The supply must be able to cope with a mains 
failure lasting four periods and with mains supply 
variations of +10% and -20%, 
































Standard mains filters built into à mains entry together 
with an on/off switch. The metal shell must be in firm. 
contact with the enclosure, 


Peripheral equipment and earthing 

АП cables to and from peripheral apparatus, such as 
measurement sensors, control relays, must be fed 
through the metal wall of the enclosure or frame. The 
earth lines of such cables must be connected directly 
to the earthing strip at the inside of the enclosure or 
frame via a wire not longer than 50 mm. When plugs 
are used, the cable earth, if any, must be connected 
to the earth pin or the metal surround of the connec 
tor. 

Basically, all non-screened signal lines must be 
provided with a filter consisting of not less than a 
30 mm ferrite bead around the cable or bunch of 
wires. This bead may be outside the enclosure (for 
instance, around the ic-to-monitor cable]. 

Leads that may have a resistance of 150 Q must 
be provided with a 150 Q series resistor at the inside 
of the connector shell, If technically feasible, there 
should also be a capacitor from this point to earth. 
Commercial feed-through 7-llters or a-filters may. of 
course, be used. In all other cases, screened cable 
must be used for connections within the enclosure. 
Symmetrical lines must consist of twisted screened 
cable and be earthed at both ends. 

‘The earth plane of printed-circuit boards must be 
linked as firmly as feasible with the earthing strip, 
for instance, via a flexible Nat metal strip or flatcable. 




















Electrostatic discharge (евр) 

All parts of an equipment that can be touched [rom 
outside must preferably be made from insulating. an 
tistatic material. All parts that can be touched and 
enter the enclosure, such as potentiometer and 
switch spindles, must be earthed securely. All inputs 
and outputs whose wires or connector pins can 
touched must be provided with an earth shield, for 
instance, an earthed metal surround via which any 
electrostatic discharge ate diverted. This is most con- 
veniently done by the use of connectors with sunken 
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Ters and -lilters ensure that interference cann 





anate from, or enter, the equipment ма signa 





1 lines. They 


äre available іп various current ratings and lor various 





frequency ranges. 


pins, such as found in sub-D connectors, and а 
metal case. 


Audio equipment 

Immunity to radiation is the most important require 

ment of audio equipment, It is advisable to use 
screened cables throughout, This is not always pos- 
sible in case of loudspeaker cables and these must 
therefore, be filtered. For this purpose, there are spe 
cial high-current 7-filters or a-filters that do not af 

fect bass reproduction. Such a filter must be fitted in 
each loudspeaker lead and mounted in the wall of a 
metal screening box placed around the loudspeaker 
connections. 





Low-frequency magnetic fields 

Screened cables in the enclosure do not provide 
nst the low-frequency (< a few kHz) ra 
diation of the mains transformer, Therefore, these 
ables must run as close as possible to the walls of 
the enclosure, Moreover, their braid should be linked 
at one end to the earthing strip. In extreme cases, 
the power supply should be fitted in a self-contained 
steel enclosure. Special transformers with a shading 
ring that reduce the stray field can lower the hum 
even furthe 

















High-frequency fields 
High-frequency fields must not be allowed to pene 
trate the metal enclosure. All external audio cables 
must be screened and the screening must be termi 
nated outside the enclosure. This again necessitates 
the use of all-metal connectors. All cable braids must 
be linked to the earthing strip inside the enclosure. 
Owing to the skin effect. It is important to choose 
an enclosure with a wall thickness 22 mm to ensure 
that internal and external fields are kept separate 
Any holes must be either small (<20 mm) or be cov 
егей with a metal mesh 




















Heat sinks 

Heat sinks should preferably be inside the enclosure 
and be earthed at several points, Non-earthed heat 
sinks in switeh-mode power supplies often create 
problems, If possible, place an earth screen between 
transistor and heat sink. Ventilation holes must be 
covered with metal mesh unless they are smaller 
than 20 mm, Ventilators should be fitted inside the 
сазе. 








Cables 

Cables often function as transmit/receive aerials. 
This applies equally well to screened cables. The 
braid of a coaxial cable must be terminated into a 
suitable connector such that il makes contact along 
the whole circumference, The braid may be used as 
the return path to obtain r.f. magnetic screening. For 
a.f. magnetic screening it is better to use (wisted-pair 
screened cables. In a ribbon (flat) cable, each signal 
wire should be flanked, if at all possible, by earthed 
wires. The cable should be screened along one sur 
face or, preferably, all around. Cables that carry sig- 
nals 210 kHz that are not filtered in the enclosure. 
must be provided with a ferrite bead functioning as a 
common-mode inductance. 








Printed-circuit boards 

Elektor Electronics printed-eircuit boards are pro 
vided with coppered fixing holes that are connected 
(о the earth of the circuit. This arrangement, in con 
junction with metal spacers. ensures good contact 
between the board and the circuit earth. Where this 
is important, boards have a special earth plane that 
can be connected, where feasible, to the earthing 
strip via a flatcable. These boards normally have no 
other earthing points and their fixing holes are. 
therefore. not coppered. 
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